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ABSTRACT
AFRICAN MIGRANT STUDENTS
IN AFRICAN AND U.S. MATHEMATICS CLASSROOM
SEPTEMBER 2008
SOLOMON ABRAHAM, B.A., STATE UNIVERSITY OF NEW YORK
M.A., STATE UNIVERSITY OF NEW YORK
Ed.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Maurianne Adams

Mathematics is recognized as the ticket to science and engineering. Modern
schooling emphasizes this by requiring some kind of literacy in mathematics for all
academic disciplines. And yet, many students do not appear to be enticed by what
mathematics offers to them. They find mathematics incomprehensible and meaningless to
their lives.
This conflict between the values of mathematics and the students' alienation from
it has been the concern of mathematics educators in the U.S. and elsewhere. Much of the
current emphasis has focused on accessible classroom pedagogies as well as improving
early mathematical preparation, with attention to U.S.-bom, underserved minorities and
women in the U.S. classroom.
This study broadens the scope in two ways. First, it explores the mathematics
classroom experiences of 8 African-born subjects in African classrooms and U.S.
classrooms. Second, it explores the domain knowledge of modern mathematics as it is
presented both in African classrooms and the U.S. classroom.

vi

The study finds that African students experience modern mathematics in African
classrooms very similarly to the mathematics they encounter in the U.S. It finds that
African mathematics education in elite schools is conducted in the post-colonial language
using post-colonial text. It finds that despite the dramatically more accessible teaching
that African students experience in the U.S. classrooms, their distaste and alienation
towards mathematics remains unchanged.
The data are interesting in themselves. Even more important to me is the insight
to offer the domain knowledge as distinct, but related to classroom pedagogy. I draw
upon literature of ethnomathematics and of everyday mathematics to offer a critique of
the unexamined domain knowledge of mathematics that continues in U.S. classrooms as
well as westernized classrooms in other parts of the world.
The study concludes with a pedagogical proposal that bridges the schooling of
mathematics with multi-cultural knowledge, critical knowledge, and community
knowledge.
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CHAPTER 1
INTRODUCTION

Many students have difficulties in mathematics. This is a well documented issue
regarding students of traditional as well as under-represented backgrounds, although
students from non-traditional and under-represented backgrounds could face greater
difficulties. So, any research that explores the challenges and obstacles of learning
mathematics needs to include the experiences of the latter group in modern mathematics
classrooms.
In this dissertation, I am taking a particular very small sample of non-traditional,
under-represented students. I am looking at African migrant students who moved to the
U.S. The implication of this research can be suggestive for other under-represented
groups, such as African American students as well as other migrant groups. In this study,
I am also broadening the investigation of the construct of modern mathematics and the
domain knowledge and pedagogies that are associated with it.
This study explores the following two research questions.
1) What are the experiences of African migrant students in a U.S. mathematics
classroom? Do African migrant students in the U.S. feel at home with the culture
of the U.S. mathematics classroom or do they feel culturally alienated from it?
2) How do these experiences in a U.S. classroom affect their learning of
mathematics? Does their sense of cultural congruence or cultural alienation affect
their sense of themselves as successful mathematics learners in U.S. mathematics
classrooms?
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To find the answers for these questions, I selected 8 African migrant students (4
men and 4 women) who have attended a combination ol elite and public schools in
different countries and regions of Africa. These were students who had a long experience
of mathematics learning in Africa, which in essence, makes my study a comparative
analysis between the African and the U.S. mathematics classrooms.
My study established significant differences between the two classrooms. The
conditions of the students’ schooling in the U.S were different from the conditions in
Africa. These were class size, teachers' attitudes, language, and pedagogy. The study also
revealed the similarity in the two settings. The mathematics in the U.S. was not different
from the mathematics in Africa. The domain knowledge—the notational language and
procedures—remained unchanged. These differences and similarity ground my
discussion in Chapter 2.
My discussion in Chapter 2 gives an account of the two historical and cultural
traditions of mathematics. One is ethno-mathematics, which covers the mathematics of
the non-West and the mathematics of the non-schooled. The second is modern
mathematics, which is Western, Westernized, and schooled. My discussion of the
different pedagogies is informed by these two distinct traditions of mathematics.
Chapter 2 also presents my analysis and critique of the construct of modern
mathematics. My critique has two major components. One is its erasure of any nonWestern roots or sources and second, as a schooled mathematics, is its erasure of the
contribution of every day mathematics. The history of modern mathematics has erased the
contributions and roots of non-Western mathematics and the schooling of modern
mathematics has erased any trace of everyday mathematics. So. there is a contrast
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between West and non-West schooling and between schooling and everyday
mathematics.
Because the domain knowledge of mathematics turns out to be important, I am
providing a very long and thorough analysis of the domain knowledge and related
pedagogies of modern mathematics. The domain knowledge include the mathematical
notations and procedures that are assumed to be abstract and universal. So, my
dissertation connects my findings about the students’ experiences with my analysis of
modem mathematics and ways in which the teaching can be changed. Even though the
pedagogy in the U.S. is much more accessible, much friendlier, and much more
interactive, the students have, nevertheless, retained their hostility to mathematics and
their sense that it is largely irrelevant to their lives.
In Chapter 2,1 look at the emergence of modern mathematics and the ways in
which it has erased its roots and indebtedness to non-Western mathematical thinking. I
also look at some of the very recent accounts of ethno-mathematics, which present nonWestem mathematical thinking and practices. I examine the traditional pedagogy that
grows out of modern mathematics in the West and in neo-colonial Africa, and I discuss
some of the new mathematics that challenges the construction of modern mathematics as
well as pedagogies.
Chapter 3 presents the methods that I used for collecting the data from my
research subjects. Chapter 4 describes the themes identified among the participants and
presents their experiences of mathematics in African classrooms and in American
classrooms as well as their assessment of the personal and social developments of
mathematics. Chapter 5 provides my analysis of these data in that they provide some
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context for the consequences of Westem/post-colonial schooling in Africa and the
construction of modem mathematics. It also explores the implications for rethinking the
domain knowledge of mathematics, in which the domain knowledge can be questioned,
disentangled, and explored with students rather than focusing only on a student-friendly
pedagogy. Finally, Chapter 6 presents my recommendations for further practices in the
classroom and for research following this line of thinking.
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CHAPTER 2
THE CULTURAL CONSTRUCTION OF MATHEMATICS

In this dissertation, I am exploring the reported experiences of African migrant
students—how they learned about mathematics both in their African schools and their
U.S. schools. This inquiry is embedded in a much larger project of inquiry and raises the
questions of whether mathematics is a cultural construct, that is, whether mathematics is
a product of cultural development (Fasheh, 1997; Moses & Cobb, 2001; Nasir & Cobb,
2007; Powell & Frankenstein, 1997; Stolp, 2005; Zaslavsky, 1997). If so, this claim of
mathematics contradicts claims made by modem mathematics as universal, objective, and
culturally neutral. This is a very important question and larger than the inquiries into
relevant or culturally sensitive pedagogy that most recent scholars address (Nasir, Hand,
& Taylor, 2008).
Therefore, what I examine is the experiences of African migrant students in two
supposedly very different cultural classroom contexts in terms of this larger question. I
examine not only the question of the cultural relevancy or cultural sensitivity of
pedagogy but also the cultural construct of the domain of mathematics itself. By domain,
I mean the notational language of mathematics or the mathematics notations and the
conceptual procedures that are understood to belong to modern mathematics and ask the
question, “Is this a culturally constructed domain of knowledge?”
In order to explore these questions, I take up the question of the cultural
construction of mathematics, of ethno-mathematics, of modem mathematics, the question
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of domain knowledge of modern mathematics, and the question of modern mathematical
pedagogies.
This chapter begins by examining the embeddedness of mathematics in culture,
draw ing from a body of literature that takes on the cultural nature of knowledge
production (Rogoff, 2003; Rogoff & Levy, 1984; Vygotsky, 1978). Next, I discuss ethnomathematics, its meanings and approaches as well as its implications to the general
understanding of mathematics (Fasheh, 1997; Joseph, 1997; Martin, 1997; Powell &
Frankenstein, 1997; Zaslavsky, 1973, 1997). I examine its emergence as a critique of
modem mathematics. Then. I consider the historical and cultural construction of modern
mathematics, that is, its historical and cultural roots as well as its influence on the
production and distribution of mathematics (Kline, 1962). I follow this with an inquiry
about its domain knowledge. To conclude the chapter, I discuss modern mathematical
pedagogies, that is, how they serve to transmit the domain knowledge.
Mathematics is a language like any other language. It has evolved into a
specialized language that is transmitted through schooling and is not associated with
regional cultures or practices. Mathematical language, unlike regional languages, such as
Swahili, Amharic, English, French, or Portuguese, has notations that refer abstractly to
counting and measuring, and also has procedures that correspond to logical thinking. The
notational mathematical language and procedures that modern students encounter in
modern schooling has been abstracted and disconnected from everyday life, and has
become a transnational abstract elite language in the hands of international mathematical
knowers.
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In taking on these issues, I assume that mathematics is a specialized set of
numerical procedures and relationships such as counting, measuring, coding, and
decoding. These procedures and relationships describe all human activities such as
walking, running, washing, trading, cooking, farming, building and destroying, as well
as. more abstract considerations of space and time. So, putting aside whatever abstract
discussions that mathematicians might have as to whether or not mathematics features
some notion of universality, my dissertation is focused on mathematics as it is situated
and conceptualized, taught, and learned inside culture. What I am examining is the
discourse, that is, the mystique of its universality, which I find to be incomprehensible
and remote to non-mathematics learners, and hence is more fundamental to the learning
of mathematics than the pedagogy.
In The Cultural Nature of Human Development, Barbara Rogoff (2003) explains
the impossibility of separating an understanding of culture from peoples' lives and
activities. Peoples’ sense of being-ness, their sense of knowing, their sense of reasoning,
and the tools they use to do things are all cultural processes. People live and act as part of
their “ongoing participation in cultural activities... [that is, as] participants in cultural
communities” (p. 37). These cultural communities cover all levels of human interaction.
In Rogoff s view, there is no human activity that is outside of culture.
Hence, there is a crucial role that cultural tools play at all levels of human
interaction (p. 236). These tools consist of language, thinking, or other tools that carry
knowledge back and forth between people and their environment. To elaborate on this,
Rogoff (2003) draws upon the experiences of two groups of students to examine their
ability to comprehend and solve the same problem while situated in two different cultural
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contexts. One group of students lives in Zambia while the other lives in England. Both
groups were asked to reproduce patterns that they were shown.
The children performed well when reproducing the pattern in a familiar medium
and poorly if the medium was unfamiliar. Zambian children performed well when
modeling with strips of wire, a familiar activity in their community but performed poorly
with the unfamiliar paper and pencil. In contrast, English children performed well with
paper and pencil, a familiar medium for reproducing patterns in their community, but
performed poorly with unfamiliar strips of wire (Rogoff, 2003).
And when they used the same cultural tool that both were accustomed to, the
differences in their level of comprehension or in their abilities to complete the task,
disappeared: “The two groups performed equally well when reproducing the patterns in
clay, a medium that was equally familiar to the two groups" (Rogoff, 2003, p. 239).
This revelation of the foundational role that cultural tools play in processes of
learning and knowing is drawn from Vygotsky’s (1978) cultural analysis of knowledge
production:
We can formulate the general genetic law of cultural development in the
following way: Any function in the child’s cultural development appears twice or
on two planes.... It appears first between people as an intermental category, and
then within the child as an intramental category. This is equally true of voluntary
attention, logical memory, the formation of concepts, and the development of
will. (pp. 196-197)
Vygotsky says that the child is embedded in the culture and therefore surrounded
with all of these cultural tools, and the process of learning and developing is internalized.
So, the language of everyday mathematics would be internalized by the child. This is
important because it gives “psychological tools” (of which signs, gestures, and speech are
part), a special place in the learning process.
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This phenomenon frames my understanding of the experiences of learning
mathematics. It is my view that the mechanisms or the intermediaries that shape the
learning of mathematics are distinct from the equations or the measurements in some
“pure” way. Textbooks, lectures, class size, word problems, and language are all
culturally shaped and experienced, so that the specific content of mathematics is taught,
described, and used in culturally drenched contexts, and not as abstract and platonic
mathematical concepts. In other words, I argue that the teaching, learning, and usage of
mathematics is a human endeavor or human activity, all of which is culturally produced
and reproduced.
So, my claim in this dissertation is that all mathematics is inside culture, with the
possibility that the phenomena that mathematics describes, such as the relationships of
space and time, may exist outside culture although the knowledge of them is not
necessarily culturally neutral.
This summarizes my discussion about the ways in which all knowledge is
culturally embedded. This is true since thought processes and language, already
established through the works of Vygotsky (1978) and Rogoff (2003) as the transmitters
of knowledge, are themselves culturally constructed. So, for the second part of this
literature review, I look at ethno-mathematics by drawing from the accounts of the
historians of mathematics who take as their project the cultural context of different
mathematical discourses.
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Ethno-mathematics
There is a body of literature that calls itself ethno-mathematics to emphasize the
cultural basis of all mathematical systems (Bazin & famez, 2002; Joseph 1997; Henrion,
1997; Levidow, 1987; Lumpkin, 1997; Martin, 1997; Obura, 1991; Powell &
Frankenstein, 1997; Zaslavsky, 1973, 1997). It looks globally and historically at the
various mathematical activities that have developed throughout history originating from
different cultures and stands in sharp contrast to descriptions of modern mathematics,
which presumes that mathematical activities are objective and universal. Ot course from
my own point of view, modern mathematics would come under the ethno-mathematical
label in that it has been historically and culturally constructed. However, the fact that it,
as a system, denies its cross-cultural and historical roots will be part of my inquiry in this
literature review.
I begin by looking at the term ethno-mathematics, its meaning and significance to
my study. The term was initially coined by the Brazilian educator and mathematician,
Ubiratan D’Ambrossio (1985, 1987) who used it to identify everyday non-Westem
mathematics. He was particularly interested in that part of mathematics activity practiced
by tribal and cultural groups, outside of the classroom and deeply embedded in everyday
experiences and realities. In describing further the idea behind ethno-mathematics, he
writes:
It is in the realm of one’s own ethno-mathematics that one’s creativity will
manifest itself.... The source of authentic mathematical and scientific creativity is
not in formalized mathematics and science, but in mathematics and science in the
making, fed by the creative process itself. (D’Ambrossio, 1987, p. 8)
This understanding was incorporated into the meaning of ethno-mathematics to
represent all mathematical activities that are considered to be non-European and non-
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Western (Bishop 1988; Powell & Frankenstein, 1997), as opposed to modem
mathematics, which is considered to be European and Western. While D'Ambrossio had
initially tied ethno-mathematics with the mathematics of tribes and small cultural
communities, others (Powell & Frankenstein, 1997) have expanded it to include all
aspects of non-Westem mathematics. This inclusion in turn has provided a range of ways
by which the term is understood. In some instances, it is used to describe the mathematics
of non-Western everyday persons (Eglash, 1999; Zaslavsky, 1997). In other instances it
has come to represent the mathematics of non-Western civilizations and empires (Eglash,
2001; Joseph, 1997; Powell & Frankenstein, 1997). And still in other instances, it has
come to represent the mathematics of resistance and dissent (Fasheh, 1997; Joseph, 1997;
Martin, 1997) in which the learning and practicing of mathematics is used to challenge
the post-colonial hegemonic values of institutions, including the state.
Despite these differences in meaning and interpretations the term ethnomathematics remains problematic because it has this tendency of romanticizing and
exoticizing the role mathematics plays in non-Western countries. So, in order not to
simplify the meanings of ethno-mathematics, I am introducing in the discussion the
distinction between everyday mathematics and formal mathematics, in which the formal
mathematics historically precedes modern/Westem mathematics. Formal mathematics is
the mathematics of non-modem/ non-Western cultures and civilizations created and
practiced by non-modern/non-Western elites and became the pre-cursor to
modern/Westem mathematics.
In other words, I am making two basic distinctions. First, I am making the
distinction between non-Western mathematics and modem mathematics, which is
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Western and indebted to the former even though it denies that debt. Second, I am also
making the distinction between formal /schooled mathematics and everyday mathematics
that cuts across the Western and the non-Western cultures and civilizations. So, the term
conveys both non-Western mathematics and everyday mathematics, which can be seen as
critiques of Westem/modem mathematics. One critique has to do with the denial or the
erasure of the African and Arabic roots from modern and the classical Greek
mathematics, while the other critique, which is not flushed out in the ethno-mathematics
discussions, deals with the dismissal of everyday mathematics from the classroom. This
is an important distinction to make because it establishes the differences between
Western and non-Western formal /schooled mathematics and between Western and nonWestern everyday mathematics.
This distinction between schooled/formal mathematics and everyday mathematics
will be important for my discussion of Western and Westernized mathematics because
what has been Westernized is schooled mathematics in Africa, and what has happened is
that modern mathematics as is reproduced in formal schooling has erased both nonWestern mathematics in schools and everyday mathematics.
The literature I draw7 upon incorporates this understanding into its historical and
social analysis of non-Western mathematics. While the literature looks into the vast field
of the non-Western mathematics, which includes the mathematics of Asia and the
Americas, 1 am using the African and the Arab mathematics only to make my point with
the suggestion that examples of ethno-mathematics be introduced in the classroom
discourse.
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One of the earliest studies in this area takes on pre-historic Africa (Zaslavsky,
1973, 1997), in the present day Democratic Republic of Congo, where a carved bone was
discovered by Dr. Jean de Heinzelin, with markings on three separate columns that reveal
the knowledge and use of prime numbers, dating as far back as 9000 BC. Zaslavsky
(1973) further documents two other ancient African cultures, one of which was the
ancient city of Zimbabwe, with its “complex stone structures,’' and the other, ancient
Egypt, with the pyramids and temples built with “the most minute accuracy’' (p. 23, 28).
Similar findings of highly formalized systems of mathematics have been reported
around the second millennium BC in ancient Mesopotamia and Egypt (Bazin & Tamez,
2002; Bekerie, 1997; Joseph, 1997; Lumpkin, 1997; Zaslavsky, 1973, 1997). Such
studies have found important mathematical discoveries in Egypt, like the unique
relationship of the three sides of a right angled triangle, later known as the Pythagorean
Theorem. The ancient Egyptian city of Alexandria, in 332 BC, was the center for learning
formalized system of mathematics and hosted famous Greek mathematicians like
Diophantus and Euclid, where they lived and studied under the watchful eyes of their
Egyptian mentors (Joseph, 1997; Lumpkin, 1997). Diophantus produced his famous
work. Arithmetical and Euclid, his Euclidean Geometry during the 4

century BC in

Alexandria (Lumpkin, 1997). Egyptian mathematics was the foundation for Greek
cosmological and mythical constructs (Joseph, 1997).
Still other studies have also uncovered a unique number system in Ethiopia that
was created 2000 years before the birth of Christ and remains in use to this day for
coding and decoding holy scriptures, “sacred places and names” (Bekerie, 1997, p. 87).
In describing this number system, Bekerie writes:
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The 182 syllographs of the Ethiopic writing systems have a corresponding
number value, from 1 to 5,600...the first column has the following number values:
1,2, 3, 4, 5, 6. 7, 8. 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500,
600, 700, and 800. These are numbers used to decipher hidden messages in texts
like the Old Testament. They are also used to determine the astrological
orientations associated with names of individuals, (pp. 87-88)
Zaslavsky (1973, 1997) highlights this relationship between number system and
spirituality when she discusses the 10 Christian churches that were carved out of one
stone in Lalibela, the ancient capital of Ethiopia, in which “a slight miscalculation in the
measurements would have ruined the whole structure" (1973, p. 171).
The 8th century Islamic empire, stretching from the Arabic peninsula through
North Africa to Spain and South Italy merged mathematics with the Arabic language and
as a result of this, introduced new concepts, such as algebra and algorithm (Lumpkin,
1997). Algebra came from its original Arabic name, Al-Jabir, and Algorithm from the
name of the person, Al-Kwharzimi, who authored Al-Jabir (Algebra) (Lumpkin, 1997).
Along with the expansion of Islam during the seventh century, the Arabic
language made headway into Africa, particularly, in the area inhabited by the Soninke,
the Hausa, and the Songhai, collectively called the Sudanic empires, to become part of
their cultural expressions (Zaslavsky, 1973, 1974). Arabic blended with the Hausa
language, which is widely spoken in northern Nigeria, influencing a strong connection
between the Hausa’s number system and the Arabic number system (Zaslavsky, 1973).
A more recent study of ethno-mathematics explores the African fractal geometry.
Though modern mathematics textbooks describe fractal geometry as a relatively new
invention (Tannenbaum, 2004), Eglash (1999) compiles evidence of its presence in
Africa spanning many centuries. Fractal geometry is a branch of mathematics that
describes geometrical patterns that appear in designs and models of artifacts, cloth and

14

lately, computer graphics. It is based on the rules of recursive scaling in linear and non¬
linear patterns and movements. These rules have been applied in traditional African
settlements, in art, religious icons, hairdos, and games.
The history of African fractals goes as far back as Africa's ancient civilizations—
Egypt, Ghana, and Ethiopia—with their imprints in the construction of iconic figures,
churches and “processional crosses” (Eglash, 1999, p. 137), and extends to present day
Africa—Mauritania. Nigeria and Ghana—appearing in different strands of leatherworks,
hairdos, children and adult games, and living quarters. From the three staged pattern of
the Ethiopian “processional cross” (p. 137) to the “Yoruba women hair style,” which is
precisely planned to fit into “the non-linear contours of the head" (p. 82), and to the
Nganga dance in Gabon, with simultaneous circular and vertical movements, fractals
have been part of African peoples’ material, social, and cultural experiences. Eglash
notes how these fractals move from culture to culture in multiple directions within Africa
while also resisting their own duplications:
African fractal geometry is not a singular body of knowledge, but rather a pattern
of resemblance that can be seen when we describe a wide variety of African
mathematical ideas and practices... [and] it is not the only pattern possible, (p.
182)
Africa contains diverse cultures and histories that produce their own knowledge
and the African fractals are one piece of this knowledge. They come with localized as
well as Africanized identities. If the fractal simulation of the Ethiopian cross appears to
be distinct from the fractal simulation of the Fulani wedding blanket, that distinction
grows out of the cultural embeddedness of the knowledge. And yet, these distinctions are
mediated by their common geometrical and cultural space, which is Africa. Africa gives a
unified set of parallels to the multiple simulations of African fractals. Eglash (1999) notes

15

the dynamism of this knowledge in his further observation that its presence was felt in
elite institutions, such as the University of Dakar in Senegal. The university contains a
library that is designed architecturally by Africans who borrowed the knowledge from the
“traditional African fabrics’’ (p. 217).
Besides fractals, Zaslavsky (1973, 1974) also notes other forms of mathematics
knowledge widely used all over Africa for building traditional houses:
A circle, about fifteen feet in diameter, is marked out on the ground, and nineteen
holes are dug at equal distances from one another, allowing a wider space for the
door. In each hole, is placed a five-foot post. Then a three foot by four-and-a-half
foot rectangle is marked off the center, and a five-foot post set up at each corner
as an additional roof support. The upper ends of all the outer posts are split, so
that a ring of strong back strips can be placed on the circle of the posts... The roof
consists of a center axis to which are fastened pliant rods. These are lashed to a
circular hoop, and then forced to assume a convex shape. A large circular hoop
reinforces the frame. (Zaslavsky, 1973, p. 159)

This construction requires the knowledge of calculating the circumference and
areas of curves that are often taught in college mathematics classrooms. In line with
Zaslavsky’s account, Pankhrust (1969) encounters a mathematics that claims more than
3000 years of history that is still in use as a medium of trading throughout Ethiopia. In
today's Ethiopia, one comes across marketplaces where people measure the length and
width ot a cloth they buy and sell by using their fingers and arms. The finger is used as
the smallest unit of measurement followed by the width of four fingers together, the
length of joint, and “cubit, the fathom and the span” (p. 110). In this transaction, both the
buyer and seller need to be able to add, subtract, multiply, and divide large numbers
orally and at a fast pace. The transaction is described by the famous Ethiopian proverb;
“Measure ten times, tear the cloth once” (Zaslavsky, 1973, p. 89).
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While these different branches of African mathematics are still practiced
throughout Africa, they are nevertheless out of range of the academic vernacular of
formal schooling and not considered as schooled or academic knowledge. Overwhelmed
by a classroom culture that has grown out of a different (Western and post-colonial) form
of knowing, these experiences of mathematics are left in the streets, marketplaces, and in
the day-to-day language of everyday persons. These various non-European systems and
practices of mathematics have been silenced by the traditions of modern mathematics,
which is considered universally valid or legitimate. Given this history, it becomes
relevant to consider the role of culture in modem mathematics.
I have already established that the term ethno-mathematics conveys dual critique
of modem mathematics and resurfaces the indebtedness of Western mathematics to
Africa and Arab countries. It also resurfaces the continuation within everyday practices
of mathematical forms that grew up in these parts of the world independently of Western
mathematics. Ethno-mathematics also has a third critique of modem mathematics, which
is its assumptions that all mathematics are found in culture. So, whereas modem
mathematics makes claims for its freedom or its independence of cultural context, the
ethno-mathematical perspective reminds us that even modem mathematics is culturally
embedded.

The Modem Traditions of Mathematics
Modem mathematics relates to a body of knowledge that is culturally rooted in
classical Greek civilization but did not become dominant in the West until the
Enlightenment period (Kline, 1962). This body of knowledge is informed by two widely
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separated historical periods, 600-300 BC, and the 18Ih century AD, that share a common
European geographical location and cultural experience (Kline, 1953). This
understanding of mathematics history argues that the knowledge is the only formalized
system that has ever been known to human beings and whatever mathematics there is
outside of it, is informal and ahistorical.

Mathematics finally secured a firm grip on life on the highly congenial soil of
Greece and waxed strongly for a short period.... With the decline of Greek
civilization the plant remained dormant for a thousand years...when the plant was
transported to Europe proper and once more imbedded in fertile soil. (Kline,
1953, pp. 9-10)

According to Kline, the history of mathematics began when the Greeks planted it
“as a system of thought in man's mind... [revealing] more clearly that in any other
manner the supreme importance... attached to the rational powers of man” (p. 30,). The
Greeks discovered mathematics and made it the exclusive property of Europe's “moral,
social and intellectual” world (p. 10).
Most importantly, this mathematics had not left Europe, despite the 1000 years
that had separated the two historical periods. Soon after the end of the Greek era, it was
removed from human thought and practices, since there was no other European culture
and civilization that could have adopted it, up until the Enlightenment period. The
mathematics that the Greeks discovered had to wait 1000 years in Europe to recover from
its hibernation.
This view has been challenged by the ethno-mathematics literature that I
presented in the earlier section. The literature points to the historical evidence of the
African roots of Greek mathematics as well as the sophistication of African mathematics
(Powell & Frankenstein, 1997; Zaslavsky, 1973, 1974). Furthermore, it was Moorish

18

mathematicians who were already in Spain and Italy well before the Enlightenment
period of the 18th century who nourished the dormant plant of Greek mathematics that
Kline has wrongly assumed to have migrated from Greece directly to Europe proper
(Lumpkin, 1997).
At this juncture, it is necessary to look into how Kline's historical analysis of
modern mathematics is interwoven with Europe's values and experiences and, in
particular, with the ideological way of thinking of the Enlightenment period. This
ideological way of thinking can be characterized as follows: 1) Science and mathematics
are European by origin, which means they are culturally situated in Europe. 2) NonEuropean and non-Western ways of knowing are considered to be unscientific and
intellectually inferior. Bekerie (1997) describes this as hegemonic Euro-centrism,
disguised as universalism. It is Europe’s cultural project which is the imposition of its
image on "the peoples of Africa, Asia and the Americas through enslavement,
colonialism and neo colonialism" (Bekerie, 1997, p. 12).
The colonial project is also a racist project because it comes out of pseudo¬
scientific notions of racial superiority. So, there is the pseudo-science of racial superiority
and inferiority, and there is the exploitation that is justified by it. This means there is a
heavy inherent racialized baggage to the intellectual, religious, cultural mathematical
tools of the colonizer. I am not saying modern mathematics is inherently racist, but it is
part of the baggage that comes out of universalism.
*L

In regards to Europe’s enlightened ideology of the 18

century, Baumann's

(1999) analysis provides an extremely helpful insight. A leading social critic of the 20
century, he connects the term modernism with this ideology. In his view, modernism
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heralds the emergence of science as the dominant feature of the Enlightenment period,
with its far reaching implications on individual and social rights. Modernism has given
science the power to determine and regulate all flow of knowledge, to shape individual
and social thoughts, and to groom a well behaved society that is manageable to govern.
This, according to Baumann became the recipe for authoritarian systems, institutions, and
values to establish themselves and gain popularity in much of Europe. It is important to
note here, that Baumann's critique of modernism is not just academic but involves his
experience. Born in Poland from a Jewish family in 1925, he has lived under two
authoritarian systems, Nazism and Stalinism, which, in his view, were the outgrowths of
Europe's enlightened ideology.
I find Baumann's insightful analysis of modernism helpful to the discussion on
modern mathematics not only because it sheds light on the presumptions of objectivity,
rationality, and irrefutability but also into the cultural and ideological environment that
introduced that knowledge.
So, when Kline (1953) talks about modern mathematics, he is talking within the
framework of modernism that is inherently European and superimposes rationality,
objectivity, and universality over all other systems of knowing and thinking, He is talking
about a racialized hierarchy of cultures in which he sees the inferiority of non-Western
cultures to the Western ones. He is talking about the inability of these “inferior” cultures
to create mathematics: “[Non-western] civilizations learned to think about numbers and
operations...in the unconscious manner in which we as children learned to think about
and manipulate them" (p. 31). Kline thus dismisses that part of history that roots Greek
mathematics in Egypt, but acknowledges the influence of Islamic (Arabic) and Moorish
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mathematics on modern mathematics (Lumpkin, 1997; Zaslavsky. 1973, 1997) in order to
fit his worldview.
There is, of course, a wider implication to Kline's (1953) one-dimensional
approach of modern mathematics. His assertion that European civilization produced the
only formalized system of mathematics is one aspect of it. The other is his belief that
modem mathematics is pure, objective, and transportable. I believe these two aspects
have played a crucial role in the establishment of the knowledge in Western and
Westernized classrooms alike.
The notions of Western and Westernized schooling have important distinctions
between them to consider. When I am talking about Western schooling or Western
knowing, I am referring exclusively to the cultural connection between knowledge and
the values and experiences of the Western persons. I am describing the historical and
locational origins of the knowledge. But Westernized knowing differs from that in the
sense that it means the presence of Western knowledge in non-Western classrooms. So,
one could be in an African or Asian mathematics classroom and learn the Western way of
knowing and practicing mathematics, because the African or Asian schooling has been
Westernized since colonialism. The Westernized way has become the universally
accepted system of knowing in which any other non-Western mathematics has been
erased from non-Western mathematics classrooms. This is a point that I will return to in
more detail in the next section, but for now, I am looking at how the arrival of the
knowledge, in non-Western mathematics classroom, intertwined with the ideological
framework that Kline employs has resulted in the devaluation of non-Western
mathematics, and through that, non-Western cultures. I am looking at the ways by which
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European colonialism had transported modem mathematics into Africa, and in effect
erased the recognition of local or indigenous mathematics knowledge and its initial
indebtedness to non-Western mathematics. I am referring to Europe's sense of cultural
and racial supremacy that emphasized the “unique role of Europe in providing the soil
and spirit of scientific discovery... [and undermined] the contributions of the colonized"
(Joseph, 1997. p. 63).
It is the Enlightenment thinking that made colonialism possible. So, my emphasis
is not just on colonialism, which is the practical application of grabbing the riches of
another continent for one’s selfish interests; I am also talking about the whole ideology of
superiority and inferiority that comes with colonialism and then informs the relationships
between the West and the East, between Europe and Africa and informs the schooling
that European countries set in Africa.
As part of Europe's enlightened ideology, colonialism arrived in Africa with its
two mutually re-enforcing features: the European needs for Africa's riches and the
European-centered hegemonic ideology of cultural superiority disguised as universalism.
On one hand it featured the progression of the scientific revolution, which gave way to
the expansion of capital and the exploitation of labor, that is. the control of world’s
resources and markets. The conquest and occupation of Africa, the arbitrary
rearrangement of its geo-political map, the creation of new colonies and colonial
boundaries, and the transformation of these colonies into economic zones were all
component parts of this expansion and exploitation. It also featured Europe's racial
consciousness, which justified the conquest and occupation ol Africa as a historical and
moral right.
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Colonialism established what Fanon (1963) calls a "Manichean" world, which is a
world split into unbridgeable racial and cultural differences in which the European
colonizer and the African colonized faced each other informed by these differences
(Memmi, 1965). These differences inform the arrival of modern mathematics in the
African mathematics classroom. As Joseph (1997) succinctly puts it, the history of
modem mathematics cannot be seen outside of the colonial history because of what it
represents as the ‘'exclusive product...of white men and European civilization" (p. 78).
Its hegemonic presence goes hand in hand with the glorification of “white men’s creation
and ability... [at the expense of] the mathematical capacities of the colonized’’ (Gerdes,
1997, p. 226), and with the disappearance of indigenous African mathematics knowledge
from the classroom.
Thus far, the findings of modem mathematics have been primarily historical and
cultural. Historically, it has been assumed to originate from ancient Greece and
transported to modern Europe via the Enlightenment period by erasing its non-Western
mathematics roots. And culturally, it has come to represent Western understandings,
values and experiences. There is a third finding, which is the ideology of superiority and
inferiority between European and non-European values, between, Christian and heathen,
and between universal and parochial. My goal has also been to introduce the cultural
embeddedness of all knowing, that is, the knowing and the understanding, being
grounded in the culture of the communities that produce it. This is a fundamental
understanding that comes out of Vygotsky’s (1978) and Rogoff and Leve’s (1984) works,
highlighting that there is no body of knowledge that is free of culture. Given this
fundamental framework, I look at the notion of modern mathematics: it is presumed to be
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free of culture, and it is presumed to be objective and universal, which I consider to be
incorrect (never mind that they are also damaging).

Cultural and Domain Knowledge in the Mathematics Classroom
The emphasis on cultural and domain knowledge present a new way of thinking
about mathematics education, and I will be using a major review article on the field that
substantiates the positions that I articulate (Nasir, Hand & Taylor, 2008). Based on this
thinking, I will be making a distinction between cultural and domain knowledge in the
mathematics classroom.
What I mean by cultural knowledge is the process of knowing that happens not
necessarily in the classroom, but outside of it, within the larger community. I am talking
of knowing that relates closely to people’s cultural experiences, which include the
tools—speech, gesture, objects—that are found in their communities and are easily
accessible to them. On the other hand, domain knowledge is a disciplined process of
knowing that in the case of mathematics “valued in the practices prescribed by
mathematicians and math educators” (Nasir, Hand, & Taylor, 2008, p. 187). It is the
enactment of knowledge that involves symbols, equations, axioms and proofs (Martin,
1997)—all of which are languages that are only familiar to mathematics knowers. And
since these languages speak to a particular intellectual and academic community (the
mathematics community), they emerge as the domain tools of modern mathematics.
The cultural framework enables me to see the supposedly culture-free domain
know ledge of modern mathematics w ithin the culturally specific context of the modem
West. And the domain framework lets me look into the connection between knowledge
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and culture. Culture is everything, while domain is a body of knowledge that involves
mathematical notations and procedures that are the short hands of that knowledge.
The distinction between cultural knowledge and domain knowledge, as Nasir,
Hand and Taylor (2008) suggest is relevant because it sheds light into the dynamics that
exist between mathematical thinking and various everyday cultural systems and practices
of mathematics. Hence, in my discussions of modern mathematics, I will present each of
them separately while also being aware of their complex interactions.

The Cultural Know ledge of Modern Mathematics
In order to examine the cultural foundation of modern mathematics, it requires the
seeming contradiction of a perspective based on ethno-mathematics. This allows the
values and practices to be seen in their cultural and social contexts. Viewing modem
mathematics as another instance of ethno-mathematics stands in opposition to Kline’s
(1953) assertion that mathematics is universal and objective. It is also helpful for looking
at the cultural practices and implications of modern mathematics both in the West and in
Westernized post-colonial countries, which is the focus of my dissertation.
An account of this view of modern mathematics is the one raised by Les Levidow
(1987), which looks into how deeply held cultural assumptions influence the learning of
mathematics. Levidow’s analysis presents as an example the issue of human population
growth and discusses its entry in the mathematics classroom with deep cultural
implications to students. It examines how the rate of human population growth in
mathematics textbooks is discussed as if it was tied to issues of finite resources available
in the planet. According to Levidow, this discussion is often used to introduce the
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concept of inverse relationship between two events, Y and X. As X (human population)
grows, Y (the life sustaining resources, such as food and water) declines, that is Y= 1/X.
This mathematical information is useful for reinforcing the assumption regarding
overpopulation leading to the devaluation of non-Western cultures and experiences. Even
though “25% of the world population eats two thirds of the world s food production or
that much of the food imported by the affluent countries is produced by the poorer
nations” (Levidow, 1987, p. 69), the blame is placed on the doors of non-Western
cultures who are accused of engaging in “reckless breeding without parallel economic
growth” (USAID, 1984, p. 156). So, it is a cultural lens backed by the mathematics that
connects human population growth with the scarcity of resources. The mathematics
supports the connection and in the process goes contrary to the cultural understanding of
African students in learning it.
While the Western culture constitutes the traditions of modern mathematics, there
is an equally relevant aspect of this tradition that Nasir. Hand and Taylor (2008) describe
as the domain knowledge, which is the intellectual interaction between Western values.
Western science. Western values and logic. I examine this aspect in the following section.

The Domain Knowledge of Modern Mathematics
Domain knowledge is a term of cognitive psychology that refers to the languages
that appear in different abstract categories of knowledge, such as the “domain” of
sociology as distinct from anthropology, moral thinking as separate from aesthetic
thinking, or mathematics from literary criticism. So. the term “domain knowledge”
describes a field of study and what is assumed to be the language of that field of study. It
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relates a way of thinking and communicating that separates the sociologist from the
anthropologist or the mathematician from the historian, to establish branches of academic
and educational elite discourse within each of the academic disciplines.
Within this perspective of domain knowledge, the domain of mathematics appears
with its two features, which are the notations and procedures. The notational languages
are the domain tools of modem mathematics and refer to symbols, numbers, and objects.
Though these are also culturally drenched, they are not the same as the cultural tools,
such as the languages of English, French, and Portuguese. They are distinct in such a way
that they are comprehensible and relevant only to the mathematics community. So, the
language of modern mathematics, that is, the language conveyed by the notations and
procedures is an abstract language disconnected from everyday discourse that is
transnational and conveyed by mathematics knowers. In this sense, modern schooled
mathematics is experienced in regional classrooms as a foreign language. The learning of
this foreign language is further compounded by the fact that modern schooling in Africa
is conducted in the language of the colonizer, which is also a foreign language.
One useful application of this is found in the previous example cited by Levidow
(1987). The notational languages that are used in that example are common to modern
mathematics classrooms. Students of modem mathematics see the terms Y and X as
“variables” that are exchangeable with numbers. So, they are not simply letters, but rather
numerical representations of the domain knowledge. These notations, however, rely on
the procedures to become meaningful. It is the procedure Y = 1/X that gave meaning to
the notational languages Y and X, and in the process provided the academic rationale for
connecting human population growth with overpopulation.
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This example not only locates the notational and the procedural aspects of the
domain knowledge and their interaction; it also unveils the connection between the
domain and the cultural knowledge ot modem mathematics. The procedure, Y— 1/X,
which is also considered irrefutable and scientific, complements the cultural assumptions
about human population growth.
Up to this point, my discussion has focused on two relatively distinct
understandings of modern mathematics. One is the cultural and the other, the domain
knowledge. I have talked about the colonial heritage of modern mathematics, its
dispositions to European values and experiences. I have talked about the knowing of this
mathematics, which culturally represents the community of mathematics knowers and
learners. I have also talked about how these two features interact with one another to
establish a body of knowledge in the classroom.
My discussion in the next section is a follow up to this understanding and looks
into the interactions between the domain and the pedagogical knowledge.

Domain Knowledge and Pedagogical Process
Here, I am making a new distinction between the domain and the pedagogical
knowledge of modern mathematics in order to examine each in its own terms. Domain
knowledge consists of the notations and the procedures, which are no longer culturally
specific terms. If one takes Algebra, its applications are known such that an African
mathematics knower will have no difficulty in discussing it with a U.S. mathematics
knower. And yet, it is important to recognize that these cross-cultural linkages do not
suggest that the knowledge is culturally neutral. The schooled learning of Algebra may be

28

the same in different cultural communities, but the notational languages and procedures
remain part of the Western understanding of mathematics.
On the other hand, the pedagogy provides for the transmission of the domain
knowledge from mathematics knowers to mathematics novices in which the notational
languages and the procedures are conveyed by the teacher to the students in the
classroom. The lecturing, drilling, memorization, or other teaching approaches are the
traditional pedagogy associated with modern mathematics in a sense that it is a one way,
banking transmission in which the teacher deposits and the students memorize. So, it is
logical and perfectly understandable that in modern mathematics, the banking pedagogy
(Freire, 1995) is the traditional transmission from mathematics knowers to mathematics
novices.
So, one important distinction that could be made between the domain and the
pedagogical knowledge is that, while they are both culturally situated, it is the domain
knowledge that influences the pedagogy. Mathematics exists whether it is being taught or
not. The symbols, notations, theorems, and equations are independent of the pedagogy,
and they do not have to be defined by it. The classroom is simply a location in which they
appear and are transferred from expert to novice. But the Westernized classroom has
certain specific features, such as Western textbooks, examples, and languages. The
pedagogy is simply the means of transmitting these from the knower to the non-knower.
This distinction permits me to examine the domain knowledge separate from the
pedagogy.
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Domain Knowledge
Cultural theory (Freire, 1995; Rogoff, 2003; Rogoff & Leve, 1984; Vygotsky,
1978). places all knowledge in culture. This entails language acquisition, interpretative
activities and actional contexts. It involves the knowing ot signs, symbols, pictures, and
stories. This is also true with modern mathematics that contains the interpretative
language of symbols, numbers, equations, and formulas and assigns them values as they
are learned and practiced. Whether in the form of pictures, word problems, or examples,
it gives the values, cultural loci (Fasheh, 1997; Joseph, 1997; Martin. 1997; Moses &
Cobb, 2001; Nasir, Hand & Taylor, 2008).
This understanding goes against the traditional assumption of the domain of
modern mathematics as “God-given or Nature given'’ knowledge (Fasheh, 1997; Martin,
1997). In a modern mathematics classroom, students are often expected to make a value
free judgment towards the theorems, axioms, and symbols they learn and practice. Martin
(1997) takes on this issue in his critique of game theory, a relatively new field in modem
mathematics that is designed to provide a range of winnable strategies in conflict
situations, in which players learn a series of moves for an outcome favorable to them.
Though these strategies and moves are presented as value free, Martin (1997) considers
them to be culturally and ideologically couched. He points at the particular terms of the
theory: “players>” “choices,’' and “payoffs" which he thinks are best “suited for
applications which assume and re-enforce individualism and competition" (p. 161).
In Martin’s view, these terms are no less foundational to game theory than are the
mathematical notations that express it, and are in fact, tied with the notations as part of
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the domain knowledge. So, notations are not necessarily standalones and bring with them
deeper social meanings.
The notion that mathematical notations are not natural and are embedded in social
speech and experiences is what interested Moses and Cobb (2001) in the Algebra Project.
In the Algebra Project, terms like “people talk” and “feature talk” are inextricably linked
to the algebraic notations. “People talk” describes the usage of everyday language in
relating experience with theory while “feature talk" refers to a set of symbolic
expressions of that relationship. The symbolic expressions, in turn, lead to the symbolic
representations. This tri-partite interaction between speech and the algebraic notations
becomes one of the hallmarks of the project.
So, mathematical notations are contextualized. Tike all other languages, they
could be used to serve exclusive and exploitative social practices as evidenced in game
theory or could be made accessible to everyday persons' experiences as argued by Moses
Besides the notations, the influence of social speech also comes through the
procedures. Procedures are part of the domain knowledge. They are the rules of thought
and reasoning that establish the functional values of the notations. They are the logic
behind notational interactions, such as between

V (the symbolic) and X (variables). In

Fasheh's (1997) account, these are not also immune from the influences of social speech
I believe “one equals one” is a mathematical fact, but its description and
interpretation and application differ from one situation to another and from one
culture to another. A fresh and delicious apple is not equal to a rotten apple. A
single vote by a third World country in the U.N. is not equal to a single vote by a
member of the Security Council in the same organization. A certain chair is not
equal to another chair in all its details no matter how identical they seemed to be
(p. 281).
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This contextualized nature of mathematical procedures is also an issue raised by
the ethno-mathematicians (Eglash. 1999; Joseph, 1997; Lumpkin, 1997; Powell &
Frankenstein, 1997; Zaslavsky, 1997) who talk about their findings of other rules of
thought and reasoning in non-modern/Western mathematics.
The presence of social speech in the domain knowledge suggests the possibility of
transforming the domain knowledge. The Algebra Project is one of the practical
applications of this transformation:
In academic language, this process can also be described as the "social
construction of mathematics. Students learn that math is the creation of people—
people working together and depending on one another. (Moses & Cobb, 2001, p.

120)
This account is drawn from the Freirian (1995) perspective ot knowledge
formation, which covers a much broader field.
If it was just a question of methods, then the problem would be only to change
some traditional methodologies by some modernized ones. But that is not the
problem. The question is a different relationship to knowledge and to society
(Freire, 1995, p. 35).
Just like any knowledge, mathematics is also produced and reproduced in the
contested fields of history and culture (Fasheh, 1997; Martin, 1997; Moses & Cobb,
2001). So, it is a result of a social process.
Up to this point, I have discussed the ways by which social and cultural values
make it into the domain know ledge of modern mathematics. I have looked into their
connections with the notations and procedures. At the same time, the domain knowledge
in and of itself is not the sole purveyor of this speech in the classroom. It needs the
pedagogy to convey that. The pedagogy serves the domain knowledge, though it does not
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have to, as its conveyor belt. This will be my next inquiry about the transmission of the
knowledge in the Western and the Westernized mathematics classroom.

Pedagogical Transmission of Modern Mathematics
Pedagogy is that part of mathematics knowledge that is learned and practiced
within the classroom. It is the transmission of the domain knowledge—the mathematical
notations and the procedures—by knowers to the novice, or by teachers to students. So,
the task of transmitting it into the classroom falls on the knowers or teachers via multiple
teaching approaches.
Within this understanding, it is possible to discuss the dominant pedagogy of
modern mathematics in the modern mathematics classroom, which Freire (1995)
describes as “the banking method.” It is important to note here that Freire used the term
banking as a metaphor. Banking could refer to depositing money in a bank which does
not change the value of the money being deposited. There is no transformation in this
transaction. Another metaphor is regurgitation, in which the students digest everything
that the teacher conveys and regurgitates it during the exams. There is also no
transformation in this transaction. Another metaphor is factory, which is the classroom,
and in which students enter as raw materials to be processed and molded into a finished
product. The pedagogy is set up in that way to make sure that learning takes place
without disruption from the learners. The teacher lectures giving no room for critical
inquiry to take place. For Freire (1995), the banking concept is the transmission of
oppressive values from the society into the classroom.
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The capability of banking education to minimize or annul the students' creative
power and to stimulate their credulity serves the interests of the oppressors, who
care neither to have the world revealed nor to see it transformed (Freire, 1995, p.
54)
The banking concept of modern mathematics pedagogy has two cultural
references. One is its embeddedness in Westernized values and philosophy and the other,
its intimacy with authoritarian social values and practices.

Western Cultural Referents
Various researches take on the traditions of modern mathematics pedagogy as
historically Euro-centric and culturally hegemonic (Fasheh, 1997; Martin, 1997; Nasir &
Cobb, 2007; Obura, 1991). They challenge the pedagogy's assumed objectivity and
neutrality, in light of its role in transmitting a knowledge drenched by the colonial
language and other cultural tools, such as stories, examples, and descriptions that are
derived from Western experiences. This is a relevant issue to consider because the
pedagogy is not only situated in the U.S. It is also an integral part of the Westernized
African mathematics classroom. Teaching Western mathematics to African students
without connecting it to its historical and cultural origins and revealing its indebtedness
to other cultures is to indoctrinate them “with the metaphysical myth of eternal
Eurocentric domination of the world'’ (Alkalimat, 1990, p. 2). It is to put them into the
dilemma of acquiring the knowledge at the expense of their cultural devaluation. Gerdes
(1997) takes on this understanding to relate it with colonialism in which the pedagogy is
used as an instrument for negating “the mathematical capacities of the colonized people”
and ignoring their “mathematical traditions” (p. 226).

34

Thus the pedagogy's participation in the cultural alienation of African students in
African mathematics classroom comes from its role in cutting the domain knowledge
from all of its cultural and social roots. The chalk and talk approach, drilling,
memorization, testing, and evaluating all contribute to this process of cultural cleansing.
In this way, the cultural concern of human population growth becomes a universal
concern.
This role of the pedagogy in the Westernized African mathematics classroom
comes in the context of the Western enlightenment thinking superimposed upon people
considered to be inferior. So, the classroom does not reflect familiar cultural context
whether it is in the colonial countries (England) or in African countries (Nigeria). It is not
only the African culture that is being erased but also the schooling process that is
implicitly racialized. This is the colonial racial project of Westernized schooling that
serves as a vehicle for the production of Westernized elites who also happen to be mostly
men. The project is patriarchal in terms of the U.S., in terms of Africa, and in terms of
mathematics itself.
Modem mathematics has traditionally been the product of Western and
Westernized male elites, and their domination in the field is tied to “male domination of
the dominant social institutions...most notably the state and the economic system"
(Gerdes, 1997, p. 165). The pedagogy happens to be, though it did not have to be, part of
this tradition. A profoundly relevant example is Africa where the knowledge and history
of African women have been totally erased from the mathematics classroom. According
to Obura (1991), this was not the case in pre-colonial Africa. Though never idyllic, pre¬
colonial Africa was not, as destructive as colonialism and neo-colonialism have been to

35

African women. In pre-colonial Africa, in some cultures, it was common to see women in
the public space holding high positions, particularly in areas of knowledge production
and transmission. Where they had access, they became the healers, spiritual leaders,
holders of traditions, and keepers of knowledge (Obura, 1991). This narrow access was
closed with the arrival of colonialism, which gave men total ownership over the public
space.
The studies that I have examined in this section describe pedagogy as a vehicle
for transporting the domain knowledge along with the values and experiences of White
men and their civilization. However, this is not the only function of the pedagogy. It also
plays a prominent role in shaping the classroom by creating a distinct classroom culture.

Classroom Cultural Referents
Critiques of modern mathematics pedagogy (Fasheh, 1997; Gutstein, 2006; Nasir
& Cobb, 2007; Stolp, 2005) pay careful attention to the cultural practice of mathematics
learning, which is how it is enacted in the classroom as distinct from its cultural origin.
These critiques draw their insights from the Freirian (1995) concept of pedagogy as a
cultural activity. Whether it is lecturing, drilling, and reproducing, which Freire (1995)
calls the “banking" method (p. 54), or learning based on dialogue and interaction, they
are all part of a set of values and beliefs that are socially produced. The “banking”
method constructs a social hierarchy between teachers and students in which teachers
prescribe “the correct path" and the “right" solution, while students mimic the act. The
dialogical method disrupts this tradition and places both the teacher and students as co¬
researchers of possible multiple paths and solutions. These two distinct methods refer to
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the positionality of teachers and students in relation to power, that is, to where power is
and how it is negotiated.
One way by which the banking method re-enforces the power of teachers over
students is through the interpretation of the domain knowledge. This interpretation
presumes that mathematics is natural and unchangeable as opposed to historical and
transformable, the completeness of the domain knowledge as opposed to its
incompleteness, objectivity and universality as opposed to subjectivity and cultural
context. These presumptions, which in and of themselves are products of Western values
and philosophies are everywhere, and it matters less whether the mathematics is taught in
a U.S. or an African classroom.
So, the role of the banking method is to make sure the domain knowledge appears
irrefutable, authoritative, socially and ethically neutral and disassociated from history.
This is important because when one understands knowledge in history, then one
understands that it is culturally contextualized (Freire, 1995). But if one considers that
there is no history in it, then one believes in its inevitability. This is what the drilling of
equation after equation, accompanied by the numerous batteries of tests and homework
are designed to serve (Fasheh, 1997). They are designed to restrict students from asking
why they are learning what they are learning and intervening on their own behalf
(Fasheh, 1997; Joseph, 1997; Martin, 1997).
Once again, I am making a basic distinction between the domain knowledge and
the pedagogical knowledge of modem mathematics. I am arguing that the domain
knowledge is the body of knowing and thinking that is represented by the notations and
procedures, and pedagogy is their vehicle. So, a change in the pedagogy does not
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necessarily involve a change in the domain knowledge, though this is entirely possible.
The pedagogy can change while the knowledge stays the same.
This understanding leads into an examination of the attempts made to reform or
change the pedagogy in its totality (Fasheh, 1997; Freire, 1995; Mcvarish, 2008; Stolp,
2005). The attempts range from encouraging students’ participation in the classroom,
relating the mathematics with what students are familiar with, encouraging
multiculturalism, up to and including problem posing pedagogies (Freire, 1995; Gutstein,
2006; Mcvarish, 2008; Stolp, 2005). Stolp argues that teachers would be better off if they
stop relying exclusively on textbooks and turn their attention towards what their students
bring to their classroom. This is essential for developing cognitive and social skills,
particularly in early childhood education. When children are allowed to connect their
stories with their mathematics learning, they will realize their ideas are valued, which in
turn boosts their self-confidence and their ability to work and investigate collaboratively.
Mcvarish (2008) presents a list of conceptual frameworks that help students gain selfconfidence and become successful learners. She lists them as a set of convictions that
“math is everywhere,” that “everyone’s voice counts,” that “persistence [is necessary] to
solving mathematics problems,” that “inquisitiveness [is] the beginning and end of
problem solving,” that “patterns help solve problems,” and that “learning is bigger than
test” (p. 7). Gutstein (2006) also considers problem-posing pedagogy as a tool for helping
students connect their learning with their social positions as learners.
However these critiques of modern mathematics pedagogy insist a change in
pedagogy in and of itself is not enough unless accompanied by a change of view towards
the domain knowledge. The domain knowledge should not be treated as if it is outside of
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social and historical processes. The notations and procedures should be looked at through
their interactions with social speech, and the implications to these need to be flushed out
and examined. They need to be looked at in terms of their representations of Western and
elite values, standards and practices.
So, when I say multicultural construction, doing ethno-mathematics, doing
modem mathematics, doing the domain knowledge of modern mathematics, whether I am
looking at the pedagogy of modern mathematics or the culturally relevant pedagogy, I am
saying it is necessary but not sufficient. This is how problem-posing pedagogy separates
itself from other reform-minded pedagogies (1993, 1995). In problem-posing pedagogy,
the shift occurs in both fronts. It occurs through the resolutions of teacher/student
contradictions of modern mathematics pedagogy and through the constant unveiling of
the domain knowledge as an object of cognition and critical reflection. .
Critiques of modem mathematics pedagogy have raised serious concerns about
the assumed neutrality and objectivity of the domain knowledge (Joseph, 1997; Gutstein
2006; Martin, 1997). They argue any change in pedagogy that leaves the domain
knowledge undisturbed lets the tension between students and teachers and students and
knowledge remain the same, no matter the degree or level of the students' involvement in
the learning process. What such change does is give students more freedom and time to
adapt to the knowledge without letting them raise critical questions about the history of
the knowledge, its significance to their conditions, including its relationship to power. It
restricts their intervention of the domain knowledge on their own behalf. It disallows the
unveiling of the domain knowledge, the notations, the formulas “the axioms, the types of
theorems, and the style of proofs” as historical products (Martin. 1997, p. 156).
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Within these concerns, critiques have also raised the role the domain knowledge
plays in perpetuating gender inequities in association with and independent ot modern
mathematics pedagogy (Henrion, 1997; Obura, 1991). Terms such as abstraction and
objective reasoning are tied to wisdom, accountability, and power, which are considered
to be the exclusive attributes of men.
Mathematics sits at the nexus of the two spheres, both of which are seen as
disjoint from women: the world of the mind and the professional sphere. Women
on the other hand, are placed at the nexus of the counterparts of these spheres: the
world of the body and personal sphere. The classic separation between mind and
body and between the personal and professional sphere reinforce the belief that
women and mathematics don't mix. (Henrion, 1997, pp. 71-72)
This rupture shows the association of the domain knowledge with the patriarchal
social order. It is not only the domain knowledge but also the cultural knowledge that
superimposes male supremacy over the mathematics.
It is hard to escape the conclusion that the mathematics text books would force on
us: women's passivity... and the reason why development has passed [us] by in
favor of men who display constant eagerness to do things and to participate in a
variety of functions in society. The messages of these textbooks are persistent,
internally consistent and insidious. (Obura, 1991, p. 38)
So, there is enough evidence in the values and practices of modern mathematics to
place the domain knowledge inside historical and social experiences and to argue that
reflects the Westernized, elitist, patriarchal, and racialized values. So, it is transformable
(Gutstein, 2006).
To use mathematics to understand relations of power, resource inequities, and
disparate opportunities between different social groups and to understand explicit
discrimination based on race, class, gender, language, and other differences.... It
means to use mathematics to examine these various phenomena both in one’s
immediate life and in the broader social world and to identify relationships and
make connections between them. (p. 45)
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To understand relations of power through mathematics is to connect the domain
knowledge with the pedagogy, which is the hallmark of the Freirian (1995) problemposing pedagogy.
Students, as they are increasingly posed with problems related to themselves in
the world and with the world, will feel increasingly challenged and obliged to
respond to that challenge.... Their response to the challenge evokes new
challenges, followed by new understandings; and gradually the students come to
regard themselves as committed. (Freire, 1995, p. 62)
For Freire critical knowing is the purposeful response to limiting situations. It is a
type of knowing that is intentionally thoughtful and deliberately actional. It engages the
domain knowledge as cognizable object that is incomplete, and yet dynamic and
transformable. For this to happen, the classroom has to be the place for “dialogical
relations” (Freire, 1995, p. 60) where the student teacher contradictions are solved by a
new kind of relationship. According to Freire, dialogue, which resolves these
contradictions, is as indispensable as the examination of the knowledge itself.

Socially and Culturally Responsive Mathematics Pedagogy
Since Freire introduced the problem-posing pedagogy, there have been numerous
applications of it globally in almost all areas of the academy. Many educators have found
its value instrumental to the development of critical thinking and sense of empowerment
in the learning process. Some have used it to transform the classroom while others have
taken it into communities and localities as part of their teaching practices. The following
are just two of the many examples that can be cited.
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Mathematics in Context (MiC)
Mathematics in Context (MiC) is a national project that was created in the 1990s
to help teachers connect real world situations with the standards of the National Council
of Teachers of Mathematics (NCTM). It is particularly designed to connect the strands of
grades 5-8 standard Algebra, such as data analysis, geometry, and probability with
students’ life experiences and situations. Central to its philosophy is the recognition that
mathematics is a human activity involving “social interaction, production, and intellectual
abstraction” (Gutstein. 2006, p. 102). Gutstein describes the idea on which MiC is
founded as follows:
The real-world contexts support and motivate learning. Mathematics is a tool to
help students make sense of their world. Since mathematics originated from real
life, so should mathematics learning. Therefore, Mathematics in Context uses real
life situations as a starting point for learning; these contexts illustrate the variety
of ways in which students can use mathematics, (p. 3)
This idea is oriented towards the conceptual understanding of mathematics as
opposed to reproducing the mathematics that is already produced. In MiC, the antiquated
roles of teachers and students in which teachers act as conveyors of knowledge and
students as passive recipients are replaced by a new kind of relationship. Teachers serve
as “facilitators” or “guides,” while students “create mathematics” and “reinvent
significant mathematics” (p. 4). There is no undue pressure on students to be efficient on
procedures or practical application. Unlike in the traditional classroom, they are not
expected to mimic or reproduce what they learn. Since the project runs for four years at a
time, they are given ample time “to develop their own ideas and gradually move to
abstraction (Gutstein, 2006, p. 102). As a result, the solutions that students reach, that is.
their correctness, are evaluated based on the reasoning they give and not based on what
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their teachers had in mind. Students do not look for right answers from outside sources,
such as from the back of their books or from their teachers’ answer sheets. They are
instead engaged critically with their own understanding of the mathematics.
This approach has been profoundly helpful in merging the domain knowledge
with issues of social justice (Gutstein, 2006). For instance, students could take on
statistics—data collection, organization and interpretation—to investigate the racial
disparities in mortgage lending practices, while they also grasp concepts of ratio and
proportion. Through racial profiling, they learn to connect random drug testing with the
concept of conditional probability.
This is an instance of social speech interacting with the domain knowledge, which
the Freirian literacy model is also based on:
Reading the world always precedes reading the word, and reading the word
implies continually reading the world.... In a way, however, we can go further
and say that reading the word is not preceded merely by reading the world, but by
a certain form of writing it, or rewriting it, that is, of transforming it by means of
conscious, practical work. (Freire & Macedo, 1987, p. 35)
Critical literacy involves “the democratization of culture, a program with [human
beings] as its Subjects than as patient recipients” (Freire, 1995, p. 43). Its inclusion in the
teaching and learning mathematics allows students to claim ownership of the domain
knowledge, and use it as part of their critical reflection about their world. This is also
what Moses (2001) talks about in his description of the Algebra Project.

The Algebra Project
Founded by Moses and Cobb (2001), The Algebra Project conies by way of a
response to the concerns about the modern mathematics pedagogy (Fasheh, 1997; Harris,
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1997; Martin, 1997) and places the domain knowledge inside the cultural and social
experiences of students.
Influenced by the civil rights era and the Black Power Movement, the Algebra
Project was formed initially in Cambridge, Massachusetts and then moved to the southern
United States. At its core is the need to bridge the growing gap between African
American economic realities, on one hand, and science and technology, on the other
hand. It considers the learning of Algebra a priority to close this gap.
The project demystifies the power of the domain knowledge—the mathematical
abstractions and symbols—by merging it with students' “ordinary language" (Moses &
Cobb, 2001. p. 19). There is no natural language of mathematics and “all the various
symbolic representations” found in the “sciences and mathematics” are historically and
culturally situated (p. 97). They are not axiomatic and come with descriptions,
interpretations, and analysis of social events with which people are intimate and in which
people actively participate.
In the Algebra Project, any public space is turned into a classroom. At one
moment, it was the New York subway system where the train, its speed, the number of
stops it makes, the volume of people it carries during rush hours and non-rush hours,
become part of the pedagogy. According to Moses and Cobb (2001), this cultural space
was chosen because of the students who were part of the project. These were young
African American students, who lived in New York, and who rode the subway on a
regular basis as their major, if not, their only means of transportation. The subway was an
intimate place that the students knew a great deal about. It linked their neighborhood with
the others, while it also gave their neighborhood an identity. It marked the racial and

44

cultural divide of their city and told them who lived where and why. It was part of their
daily narrative.
Within the philosophical underpinning of the project, the choosing of such a site
was important, as the pedagogy became “a tool to a much larger end’' and not “about
simply transferring a body of knowledge” (Moses & Cobb, 2001, p. 15). The site
transformed mathematics learning into “a cultural struggle,” and created “a culture of
mathematics literacy that is going to operate within the black community as church
culture does” (p. 17).
It is informative to see why Moses chooses to link the Algebra Project with the
traditions of the Black church in the U.S. Historically, the Black church has been at the
center of a movement to bring diverse groups of African Americans together, by
articulating their experiences since the time of slavery, passing through Jim Crow to other
less severe forms of institutional racism. It has been part of the African American body
politics in mapping and leading the directions of Black resistance against White
institutionalized racism. It has produced social movements (SNCCP) and leaders (Martin
Luther King, Jr.) who profoundly shaped the nature of this resistance. Moses finds it
fitting to launch his project, in the spirit of that legacy:
The Algebra Project is first and foremost an organizing project-a community
organizing project-rather than a traditional program of school reform. It draws its
inspiration and its methods from the organizing tradition of the civil rights
movement. Like the civil rights movement, the Algebra Project is a process, not
an event. (Moses & Cobb, 2001, p. 18)
If the Civil Rights Movement of the 1960s dealt with issues of full citizenship
rights, which included the right to vote, the Algebra Project is an extension of that
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movement on the economic front. It responds to the wedge created between mathematics
and Black experiences by modem mathematics pedagogy.
So. the function of the Algebra Project is to unveil the cultural construction of
mathematics, that is, to challenge the traditional assumptions of its objectivity and
universality and make it subjective and culturally contextualized. It is to make a better
use of localized contexts, objects, places, people that students know about and can talk
about while they are learning their mathematics. It is to make the domain knowledge part
of a cultural and social community in which it functions and to break down the barrier
erected between the knowledge and the students by the traditional pedagogy. Thus the
project shows the possibility of developing mathematics that meets the demands and
concerns of the communities in which it is introduced and practiced, which in essence is
to give ownership to oppressed groups whose experiences and realities have been
silenced by the traditions of modern mathematics.

Summary
This literature review establishes the following relevant understandings;
1) The traditions of Modern mathematics are Western and Westernized. They are
rooted in the experiences of European persons, while they are also presumed to be
objective and universal.
2) The traditions of ethno-mathematics locate all mathematical activitiesformal/non-formal. Westem/non-Western- inside history and culture. They establish the
distinctions between schooled/formal and every day mathematics, between Western and
Westernized mathematics, and between Western and non-Western mathematics
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3) The cultural and domain knowledge are the two aspects of mathematics that
have developed historically and globally and continue to develop. While the cultural
knowledge is a process of knowing that relates closely to people’s cultural experiences,
the domain knowledge is a disciplined process of knowing that is valued by mathematics
knowers.
4) There is a distinction between the domain and the pedagogical knowledge of
modern mathematics. While the domain knowledge consists of the mathematical
notations and procedures, the pedagogy provides for the transmission of the domain
knowledge from mathematics knowers to mathematics novices.
5) It is possible for socially and culturally responsive mathematics pedagogy to
transform the domain knowledge as was evident through MIC (1990) and the Algebra
Project (Moses & Cobb, 2001).
These understandings are the basis of my exploration of the stories that my
research subjects tell me regarding their experiences of modern mathematics in their
African and U.S. classrooms.
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CHAPTER 3
OVERVIEW OF RESEARCH QUESTIONS AND METHODOLOGY

Research Questions
In this dissertation I am exploring the following two research questions:
1) What are the experiences of African migrant students in a U.S. mathematics
classroom? Do African migrant students in the U.S. feel at home with the culture of the
U.S. mathematics classroom or do they feel culturally alienated from it?
2) How do these experiences in a U.S. classroom affect their learning of
mathematics? Does their sense of cultural congruence or cultural alienation affect their
sense of themselves as successful mathematics learners in U.S. mathematics classrooms?
While these research questions provide the framework for my exploration of the
students’ experiences in the U.S. mathematics classroom, they do not dictate the
meanings of those experiences. They are the points of entry into my study but they are
not necessarily tied to the exit.

Qualitative Research Methods
I am writing this dissertation in order to develop an understanding about the
experiences of African migrant students in U.S. mathematics classrooms, which is my
basic question. This understanding involves students’ accounts of their mathematics
learning in Africa and in the U.S. It entails whether and how these accounts reveal
differences between the two experiences and their implications on the students’ view of
mathematics. In other words, it is also a comparative study of the two settings.
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In this process of investigation, I have used the qualitative research method for the
following reasons. Firstly, I wanted to look into why and how the students approached
mathematics the way they did. I wanted to look for details, ambiguities, and
contradictions that surface in their responses to mathematics in Africa and in the U.S.
Secondly, I wanted to bring their experiences and voices into my study by letting
these experiences and voices speak for themselves. I believe the qualitative research
method is the best fit method for my inquiries (Corbin & Strauss, 1990).
According to Corbin and Strauss (1990), what makes a qualitative research
method most desirable is that it transforms research into a collaborative work between the
researcher and the research subjects. The subjects’ understanding or worldview becomes
an important part of the research that gives the researcher a wealth of knowledge about
his/her research subjects, their understandings, their impressions and dilemmas embedded
in their responses to his/her inquiries. The researcher uses this understanding to read into
his/her subjects’ responses, to analyze and interpret the responses and to extract and
collect the data and themes from them.

Grounded Theory Approach
Grounded study is one branch of the qualitative research method that connects
ongoing inquiries with unexpected findings and new questions for the purpose of
constructing a theory. The idea of developing a theory from a grounded qualitative study
was initially raised by Glaser and Strauss (1967), who saw the relevance of new concepts
and understandings that were not part of the initial concepts in determining the outcome
of a study. In their view, a study becomes illuminative when it is grounded in the
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experiences and stories of the research subjects and not the other way around (Corbin &
Strauss, 1990). This allows the study to come up with unexpected findings and new
questions.
Understandably, one starts research with research questions and guided
questionnaires to get information about a subject or issue that one wants to know. While
this is an important process, it is not sufficient. Grounded theory takes this process
beyond the research questions and questionnaires to generate new insights that were not
thought of at the beginning of the study.
A more recent understanding of this method comes from Bryant and Charmaz
(2007) who summarize it as follows:
Grounded theory means learning about the specific and the general-and seeing
what is new in them-then exploring their links to larger issues or creating larger
unrecognized issues in entirety. An imaginative interpretation sparks new views
and leads other scholars to new vistas. Grounded theory methods can provide a
route to see beyond the obvious and a path to reach imaginative interpretations (p.
181).
Thus, it is a tool for coming up with theories “rather than merely fine-tuning
existing ones” (Bryant & Charmaz, 2007, p. 17). It opens up to a range of theoretical
possibilities that account for surprising discoveries, allowing the research to entertain
these possibilities before committing to one of them. In a sense, what grounded theory
does is help avoid preconceived concepts and encourage theoretical sensibility.
Grounded theory does not dismiss the depth of knowledge that a researcher brings
into a subject or “phenomenon” that he/she investigates. But it argues that this alone is
not sufficient. One should not be blinded by the assumption that this knowledge fits
exactly with the themes and data that he/she collects and analyzes (Corbin & Strauss,
1990. p. 24). In other words, one cannot be captive of one’s own knowledge (p. 56).

r

Mm
The methodology of my research is a personal interview framed by demographic
data. . In the interviews, I asked the students who participated in my study about the
mathematics they have learned in their countries of origin. I asked them about their
classroom experiences, their relationship with their teachers and the pedagogy. I asked
them about their U.S. classroom experiences, their relationship with their teachers and the
pedagogy. I asked them about their overall comfort level with school mathematics. While
I brought my own understanding about the interaction of culture with the teaching and
learning of mathematics into this study, I did not use as it as a framework of the students’
experiences and stories. I have not approached this study with a theory to prove or
disprove. Instead, I have focused on what the students tell me about their experiences and
the assumptions they convey about these experiences. In other words, I have relied on
their responses to develop new ideas and thinking.

Research Subjects
The students that are part of this study come from the different regions in Africa.
They come from Kenya (East Africa); Ethiopia (North East Africa); the Congo and
Cameroon (Central Africa); Nigeria, Senegal, and Cape Verde (West Africa); and
|

Zimbabwe (South West Africa). I have made these selections in order to have a better
picture about the practices and understanding of mathematics in the different regions.
Though what the students have experienced and what they tell me may not totally reflect
the experiences of other African students, I believe they can open up to some sort of
understanding about the regions covered in this study and also help launch further
*

investigations into other areas of Africa that are not covered by the study.
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In this study, I decided to choose four women and four men in order to examine
whether and how gender played any role in their descriptions of their experiences with
mathematics. I chose their age range to be between 21 and 35 because I wanted them to
be young adults who are currently in college and who lived in the U.S. for more than a
few years and have some understanding of the U.S. culture while they also hold vivid
memories of their homeland and African experiences. I found this to be relevant to my
study, since it allows me to look into the comparisons they draw between the two cultural
schooled settings of Africa and the U.S., based on their experiences of them. I did not use
class as a variable because the students whom I met in community colleges as well as
elite colleges are by and large middle-class. They have completed high school and came
from major urban areas of Africa. All of these are middle-class markers. So, because of
the difficulty of identifying African migrants who would not be middle-class and who
might be in U.S. mathematics classrooms, I have not made class, a variable.

Identification and Interaction with the Research Subjects
The students in this study were chosen from Greenfield Community College
(GCC). Smith College, and the University of Massachusetts Amherst (UMASS). I chose
these particular sites because of their proximities to a significant number of African
migrant students living in the general geographical area of Western Massachusetts.
I do not have a direct or personal relationship with any of the students. Some were
contacted through GCC faculty and others through my African colleagues who live and
work in the area. I started out by introducing myself to the students (see Appendix A). I
told the students who I am, what I was doing, and why I am doing this study. I told them
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that I am a doctoral student at UMASS, and an adjunct instructor at Greenfield
Community College. I told them I am doing a study that concerns their experiences of
mathematics in the U.S. classrooms as African migrant students and whether and how
these experiences are similar or different from those of their countries of origins.

Confidentiality
All the students that have participated in this study have done so of their own free
will, knowing full well that they could opt out of it at any time they chose to do so. They
knew that their interviews would be audio-taped, transcribed, and used primarily for this
study but could also be used for future presentations, conferences, and publications. They
knew that I would not use their real names or any other identification that implicates
them personally. They knew 1 will maintain their anonymity (see Appendix B) in this
study and in other written materials and oral presentations that I would be making in the
future.

Demographic Information
In addition to the interview guide, I have prepared a demographic sheet (see
Appendix C), in which I asked the students basic information about themselves. I asked
their names, ages, gender, country of birth, their socio-economic status, and their ages
when they came to the U.S. I asked them about the number of years that they have been
in the U.S., the number of times they have visited their countries of birth since they came
to the U.S., and whether they have intentions to go back once they were done with their
studies. I asked them about their mathematics level at home and in the U.S.
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The Interview Process
I have taped this interview from start to finish. I have also used a notebook to
write on what I thought were major points, new insights, or body gestures which helped
me raise new probing questions that I had not considered before. Each interview took
between one and one and a half hour. There were no follow up interviews.
For organizational purposes, I divided the interview process into three major
parts. In the first part, I listed questions that are tied with the students' homeland or
African experiences. These included the students’ view of their mathematics classroom
culture, their relationship with their teachers, and the pedagogy. I used the same lines of
questions in regards with their U.S. experiences. The third pail contains questions about
their overall experiences and understanding of mathematics, which referred to their level
of comfort. My interview guide appears in Appendix D.
During the interview process, there were instances in which I did not stay with the
interview protocol. When this happened, I used the protocol as a guide, to bring other
probing questions and solicit answers.

Transcription and Review
After interviewing the students, I listened to all the taped interviews on three
separate occasions. First, I listened to them to familiarize myself, then to check the
transcriptions for accuracy, and lastly to develop themes that came out of the interviews.
I did one full transcription of the first taped interview and I relied on a volunteer
for the remaining seven tapes.

Thematic Analysis of Transcripts
After the transcriptions were done, I used an ethnography software program to
organize the students' responses into themes and sub-themes. In the process of
developing these themes and sub-themes, first, I used a coding system by which I broke
down the students' responses to examine, conceptualize and compare them with each
other (Bryant & Charmaz, 2007). I followed this by organizing a filing system under
three major headings. The three major headings are: a) the students’ African classroom
experiences, b) the students’ U.S. classroom experiences, and c) the students’ overall
mathematics experiences. These headings served as the placeholders of the themes and
sub-themes that surfaced during the course of my investigation.
As I have stated earlier, the common themes reflected the similarities in the
students’ responses to my questions. They were then broken down into sub-themes for
more clarity and organizational purposes. This process allowed me to look further into
the references the students used or did not use while responding to my questions. For
example, one of the common themes that came out of their responses was the conditions
of their schooling in Africa. The students more or less appeared to share the same
experiences. They described their African teachers as impersonal and non-accessible to
their needs, but some of them tied this with the physical conditions of their classrooms.
These students saw their teachers’ behaviors through their crowded classroom, even
though the others did not. Also, while all agreed that mathematics for them was
meaningless and incomprehensible, some said they were successful in it, while others
reported failing it on numerous occasions. So, common themes contained contradictory
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assessments, which shed light to different interpretations or understandings of similar
experiences.

Coding of Thematic Categories
I began my analysis and description of data with open coding, in which I
developed the students’ responses into data that described or explained my initial
questions while also raising new questions (Corbin & Strauss, 1990). I categorized,
labeled, and grouped these data according to their particular features and in the contexts
which they appear. This led to the development of my sub-themes. For example, in my
reading of the students’ accounts of their African classroom experiences, 1 had to sort out
each of the students' remarks about their African teachers while making note of the
reasons that led to these remarks. For example, when the students talked about their
teachers' impersonal behavior in the classroom, I realized that they were associating it
w ith the crowdedness of the classroom. Then I used axial coding to build a common
theme between the emerging sub-themes (Corbin & Strauss, 1990). For example, I
realized the connections between the students’ view of their teachers, their classroom
size, the ianguage of their learning and the pedagogy, and organized it into one common
theme, as the conditions of their African schooling. I followed this process with selective
coding to re-examine and verify relationships between the themes and sub-themes and to
develop other new ones that had not appeared during axial coding (Corbin & Strauss,
1990). This process proved relevant in disentangling the domain knowledge from the
pedagogy, which I had not thought about when I began my study. Through selective
coding I was able to identify a common theme, which the students had raised consistently

in their responses to my questions. This theme was their overall view of modem
mathematics. In the end, I organized these themes into three separate headings, which
helped me organize and illuminate their stories.
So, my use of the grounded theory helped me answer my research questions,
unveil new findings that did not map with these questions, and come up with new
questions .1 used it as an ongoing exploration to end up with unexpected findings that led
me to propose new understandings or insights. This is what provided the principles of
organization for my presentation of the data in Chapter 4 and my analysis in Chapter 5.
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CHAPTER 4
PRESENTATION OF THE DATA

In this chapter I will be laying out both the data that address my initial questions
and then the unexpected findings. While some of the findings respond to my initial
questions, there are others that surface with new questions.
I entered this dissertation with the following research questions:
a) What are the experiences of African migrant students in a U.S. mathematics
classroom? Do African migrant students feel at home with the culture of the U.S. math
classroom or do they feel culturally alienated from it?
b) How do their experiences in a U.S. mathematics classroom affect their learning
experiences? Does their sense of cultural congruence or cultural alienation affect their
sense of themselves as successful mathematical learners in U.S. mathematics classrooms?
There are 8 subjects whom I have given pseudonyms to—4 males and 4
females—ranging from 21-35 at the time of their interviews. They come from Kenya
(East Africa), Ethiopia (North East Africa), the Democratic Republic of Congo and
Cameroon (Central Africa). Nigeria, Senegal and Cape Verde (West Africa), and
Zimbabwe (South West Africa). Three of the students came from elite schools while the
remaining 5 came from public schools. Of the 8 subjects, 7 had schooling in the colonizer
language and the eighth, who is from Ethiopia, had schooling both in the national
language (Amharic) and English. Also, of the 8 subjects, 3 are currently at Greenfield
Community College, 1 at Smith College and 4 at the University of Massachusetts
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Amherst. This information is drawn out in their demographical charts and elaborated
further in the interviews

Pseudo
names

Gender

Country of Origin

Area of
Africa

Atlantic
Dakar
Duala
Nile
Pacific
Sahara *
Tropic
Zeran

Female
Male
Female
Female
Male
Female
Male
Male

Nigeria
Senegal
Cameroon
Ethiopia
Cape Verde
Kenya
Democratic Republic of Congo
Zimbabwe

West
West
Central
North East
West
East
Central
South West

Age at
migration
20
21
18
19
22
20
32
22

Figure 3.1 African Backgrounds of Research Subjects

Name

Language of
schooling in Africa

Atlantic
Dakar
Duala
Nile
Pacific
Sahara
Tropic

English
French
French
Amharic and English
Portuguese
English
French

Zeran

English

Kind of
school in
Africa
Elite
Public
Public
Elite
Public
Public
Public

Current age

25
25
21
24
26
25
35

Number of
years at the
U.S.
5
4
3
5
4
5
3

Elite

26

4

Figure 3.2 African Schooling Backgrounds of Research Subjects
Based on these questions, I examined the comparative accounts of the students’
mathematics experiences in Africa and the U.S. I looked at the similarities and
differences between both places in order to have a better view of the students' encounter
with the U.S. classroom.
My exploration of the students’ accounts is organized under three major headings.
The headings are: a) the students’ experiences of modern mathematics in Africa, b) their
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experiences of modern mathematics in the U.S., and c) their overall experiences of
mathematics schooling. These contain the themes that have surfaced in the course of my
investigation.
The themes that came out of the students' accounts of their African mathematics
schooling are: a) classroom experiences, b) academic pressure to do well in mathematics,
c) academic hierarchy between mathematics and other subjects, and d) social networks.
The students’ classroom experiences also contain the following sub-themes. They are: a)
the students’ relationships with their teachers, b) their view of their classroom, c) their
relationship with the language of their learning, and d) their view of the pedagogy.
The themes that fell under the students' accounts of their U.S. mathematics
schooling are classroom experiences, and social networks. And the sub-themes that fell
under classroom experiences are: a) the students’ view of their teachers, b) their view of
their classroom, c) the language of their learning, and d) their experience with word
problems.
Finally the students' overall experiences with mathematics contain the thematic
accounts which are the cultural representation of mathematics and the personal and social
relevance of knowing mathematics.

Experiences in African Mathematics Classroom
Classroom Experiences
The students that I interviewed in this study were young adults when they came to
the U.S. All but one had at least 12-14 years ot experience in Africa with mathematics
starting from elementary going all the way up to their high school years. One student
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came with eight years of experience and had to enroll in a high school before she started
college. So, these students had a relatively long experience of classroom mathematics in
their home countries before they came to the U.S., which also means they had a depth of
understanding about the African experience of their teachers, about the conditions of their
classroom, about the language they use to learn the mathematics, and about the pedagogy.

Relationship with Teachers
A common theme for the students in their African mathematics classroom was
their remote relationship with their teachers. They had no access to their teachers both
inside and outside the classroom. In the classroom all they had to do was sit and listen
whether they “understand" the material or not (Zeran). They could not ask questions
afraid of being labeled “stupid'’ (Duala). Duala reported, “Teachers don't care that much
about students.... If you don't understand they think of you as stupid, or they say, ‘why
don't you get it?’” Atlantic noted, “Teachers lecture whether students understand them or
not. Teachers don’t allow questions and students are often shy to ask.”
Outside of the classroom the students had no contact with their teachers and were
left “pretty much on [their] own” (Zeran). They talked about how it was hard to seek help
because “most of the times, the teachers are busy” (Sahara), and would not respond to
them once they leave the classroom.
These accounts came with visible gestures of resentment and helplessness. Zeran,
Sahara, Atlantic, and Doala did not hide their frustration while describing their entire
experience with their African mathematics teachers. The ones who were resigned were
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Tropic, Pacific, and Dakar, who saw the whole experience as a normal thing, a part of
their entire schooling experience.

Class Size
A related theme with their view of their teachers was the physical condition of
their classroom, which they described as crowded and noisy. Dakar reported that he was
one of the “50 to 60 students” in his classroom, and for this reason he “can’t even hear
what the teacher says”. In Duala's class, there were “probably 100 students”. She noted
that her teachers did not even know who their students were: “The teacher will ask you
"are you in my class?’ vDo I know you?’ ”
Crowdedness had impacted their learning experiences. Dakar described the
difficulty he had in following or hearing what his teachers had to say in the classroom,
and for Pacific, “There is not enough time to ask the teacher because there are a lot of
students.”

Language
All ot the students learned mathematics using a language other than their native
languages. Atlantic, Nile, Sahara, and Zeran learned in English, while Dakar and Duala,
and Tropic used French, and Pacific used Portuguese. For all but one student, these
languages were not only the languages of their schooling they were also the official state
languages. Atlantic described English as the “lingua franca” of her home country,
Nigeria. Dakar reported French as the “national language” of Senegal. The only
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exception was Nile (Ethiopia) whose language of schooling, which was English, was
different from the official Amharic language.
The students also noted the connection between these languages of schooling and
their mathematics textbooks. English-speaking students used books produced and
imported from England, French-speaking students from France and Belgium, and the
Portuguese-speaking student from Portugal. Even in instances of locally produced
textbooks, they were either “in par with'' the imported books (Atlantic) or were “cheap”
imitations of them (Dakar).

Classroom Pedagogy
All of the students reported lecturing, drilling, rote memory, and repetition as the
methods they had known in learning mathematics in Africa. “Teachers lecture whether
students understand them or not” (Atlantic). “Mostly, they [the teachers] come to class,
and they write equations on the board, and we copy them” (Dakar). “Everything was
memorization. They give you a chunk of information, and all you have to do in the exam
is reproduce it” (Zeran). “You have to memorize the formulas and you have to study
them in order to pass” (Atlantic).
Students further noted the volume of exercises and homework assignments that
they had to cram in order to prepare themselves for tests. Teachers “come to class...write
equations on board....give...homework,” and leave” (Zeran). The home work includes
“20 to 30 questions” every day, with no reviews to follow. They also reported that they
could not afford to fail even for the first time, since there were no “make up" tests
(Tropic). “Every day it is a new thing that we learn...there is no reviewing” (Tropic)
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These accounts came out directly from the students’ encounter with the African
mathematics classroom, and they disclosed the students’ dilemmas, anxieties, and sense
of alienation. Other accounts covered a much wider field of the students' experience than
the classroom. The students talked about the pressure and privilege of learning and
studying mathematics. They talked about the study groups which complemented their
classroom learning and at the same time, became their social networks.

Academic Pressure
What makes the students’ experience of the African mathematics classroom more
particular than other classrooms was the added pressure from parents that came along
with it. No other subject caught their parents’ attention as mathematics had. Not only
were the students required to take mathematics, they were also expected to excel at it.
Success in mathematics was important, if one wanted not to “be seen as weak”
academically (Pacific). “Everyone looks for your math grades...your parents and
teachers" (Pacific). “You have to be good all the time...your parents, when they see your
report card, they don't care about other things...but only math” (Tropic). “There is no
second chance to recover if we failed” (Tropic). When asked why their parents cared that
much about their mathematics grades, they responded by saying how mathematics in
their countries was regarded as a ticket to science, medicine, and engineering.
Students reported what all these had meant to them. It meant that they had to
spend more time on their math home work and assignments than any other subject,
keeping up with the new topics they learned every day, attending classes regularly and
not getting lost. You can t miss a class at all...you have to keep on studying until you
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get it...so there is no slacking behind" (Tropic). “They don't tell you what will be coming
in the test, so you have to study everything” (Dakar).

Academic Hierarchy
The students have recognized the social pressure they had felt in learning and
knowing mathematics had something to do with the social view of the knowledge itself.
They have made the connection between their experience and the place mathematics held
in the thinking of their communities and most particularly in the thinking of their parents.
Their parents were most concerned with how well they did in their mathematics exams,
and did not tolerate failing. “If you don't do good in Math, you are always seen as weak'’
(Pacific). “Parents, when they see your report card, they don’t care about other things, but
math” (Tropic). “If you don’t understand [mathematics], they think of you as stupid”
(Duala). “If you teach mathematics, you are considered intelligent” (Tropic). So, to do
math, or to be good in math was tied to academic strength and intelligence “Those who
do the sciences and math are considered smart” (Atlantic). “I had extra tutoring, my
parents paid for it” (Zeran). In contrast, subjects other than the sciences and mathematics
were considered less important. “For us who do the literature stuff, we are looked down.
There is a prejudice about that" (Duala).

Social Network
The social pressure to succeed and the social rewards of success had led into the
extra-curricular study groups that the students needed to supplement and compensate for
learning in the classroom. The study groups they formed or belonged to were the
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extensions of their classroom activities. They complemented the teachers' lectures and
assignments. They also helped connect the classroom with the communities where the
students lived. All, but one, of these groups were found outside of the students' schools,
in the students' own homes and neighborhoods. Pacific reported that he had to attend the
“study groups for math in [his] school,” where attendance was compulsory. Sahara had to
“seek help mostly from [her] brothers” and sometimes from her “friends” (Sahara). Duala
had to rely on her sisters because they “were so good in math... [her] oldest sister
especially helps [her] out”. And Nile reported, “Me and my friends... we go to one of our
houses... during finals, it is a sleep over"
While the study groups complemented the classroom activities, they did not
evolve into a classroom. They were less rigid and less structured: “We use the study
group to ask our teachers what we did not understand in class” (Pacific). “My older sister
is like my mother...she especially helps me out with my home work" (Duala); “Me and
my friends...we teach each other" (Nile); “I had a private tutor” (Zeran).
So far, what I presented was the students' accounts of mathematics classroom
experiences in their African countries of origin. In these accounts, the students have made
the connections: a) between their teachers’ behaviors and the size of their classroom, b)
between their teachers' behaviors and the pedagogy, and c) between the pressure and
privilege associated exclusively with the learning of mathematics. They have shown their
long tradition of mathematics schooling before they came to the U.S. And it is this
tradition that they brought with them to the U.S.

66

Experiences in the U.S. Mathematics Classroom
Classroom Experiences
The students' accounts of their U.S. classroom experiences focused upon their
relationship with their teachers, the language of their learning, and their views of word
problems. Understandably these accounts have been made against the background of the
students' African classroom experiences.

Access to Their Teachers
In comparison to their African teachers, what captured the students' attention the
most was their U.S teachers' attitudes towards them. Their U.S. teachers were more
patient and available when needed, in and outside of the classroom (Duala, Nile). They
were flexible in their teachings using ‘"multiple examples” (Zeran), and unlike the
African teachers, encouraged classroom interactions: “Here, there is more talking
between teachers and students” (Sahara); “The teacher comes up with equations...talks
about it .. .and asks students also to talk about them” (Dakar); “Here you have access to
your teachers if you want to” (Atlantic). “Here, you can talk to them...If you are not
doing well; they will always try to help you” (Tropic). This was the kindness they had not
seen or witnessed in their African classrooms.

Class Size
Another comparison was class size. Unlike in Africa, the students found their U.S.
classroom less crowded and less noisy: “We were like 20 in my classroom” (Duala], “It is
quieter than in Africa” (Dakar), “We all have time to ask questions” [Sahara], “Here the
classroom is small, so you are easily noticed" (Pacific).
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Language
For non-English-speaking students language had been a major concern of their
U.S. classroom experiences. These students had found the textbooks and the instructions
hard to comprehend: “The problem with language is that when I read English, it is not
exactly what it means in French.... I don't know sometimes what they ask me to do"
(Duala). Duala had to take the same class again because of this: “They make me repeat
my 10lh grade because I have to take English44. Dakar and Tropic had to take remedial
courses in English: ‘They make you take ESL if you are foreign (Dakar). “I have taken
ESL” (Tropic). Tropic had to rely on his French books for translational purposes: “I have
to use sometimes French math books"
This experience had made the students feel helpless and resentful. Duala did not
take well to the fact that she had to take the same class again: ‘They make me repeat my
10

grade'’ (Duala). Tropic felt he wasted time taking English remedial courses “ESL

takes a lot of time. I could have finished College Algebra by now'’ (Tropic). Dakar did
not see the connection between knowing English and learning mathematics “All these
grammars and writing are irrelevant for mathematics” (Dakar).
The reported difficulties of the non-English-speaking students with the English
language have disclosed the two contrasting classroom experiences between the two
linguistic groups.

Word Problems
1 he difficulties ol the non-English-speaking students with the English language
were further compounded by their experiences with word problems: “Word
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prob ms...language is a problem... I didn’t know what they are talking about” (Duala).
" 1 he was a question [in the word problem], and 1 didn't know what the question was”
(Dak :). “I would have gotten an A, but I didn't do well in the word problems” (Dakar).
he difficulties lor those students who were schooled in French and Portuguese, the
Englm language posed a great difficulty. This difficulty was compounded by Englishspeal lg students’ experiences with word problems, suggesting the English of the U.S.
mathematics as distinct, technical, and culturally remote. “ I look at the word problem,
and 1 ould have no clue what to do with it” (Sahara) “Word problems.. .too many
confu lg words for me” (Nile) “ The wordings...they need to be less complicated'’
(Saha ) “I hate word problems...I can't understand them” (Atlantic). What was also
intere: ng was the reason for these difficulties was not that clear to the English-speaking
studei >. Though they could read the words, they were unable to translate them into
equatkis.

Social Networks
he students have found their own networks of friends outside of the classroom
tor the pecific purposes of doing their home work and studying for their tests. These are
their pcsonal networks, and much like the ones they formed in Africa, designed to
complement what they have learned in their classroom. Given these similarities, their
U.S. baed networks reveal distinct characteristics. They were formed mainly with
friends rom their home countries or from Africa: “Me and my friend [from the home
countr\ study together...and her boyfriend helps us when we get stuck (Nile). We
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have this thing called the African thing...we sat together” (Atlantic). “We [Africans]
were like very close” (Duala).
The association of the networks with an African identity was relevant for the
students and spoke to their particular experience of the U.S. classroom. In my earlier
discussion, the students have noted how less crowded and less noisy their U.S. classroom
was compared to their African classroom. While they saw this as a good thing, they had
also seen its drawbacks. A smaller class size had meant they were easily identified not
just as students but also as African migrant students. They had found themselves being
othered. The students’ body language appeared to re-enforce this feeling. There was a
sense of uneasiness in their faces when they were talking about it. Sahara was more
annoyed by the experience than the others, and felt more vulnerable as a result of that.
“They wanted to know more about me...it never ends.”
So, their networks also served to shield them from this sense of vulnerability and
connect them with their cultural heritages. The networks had become their reminders of
their identities as African migrant students in the U.S. classroom.
So far, the students' accounts have described the physical and cultural conditions
of the U.S. mathematics classroom. They have described the students’ impressions of
their classroom, their U.S. teachers, and their classroom language. What come next are
the accounts of the students’ experiences with school mathematics in general, which
means their learning of mathematics both in Africa and in the U.S. These accounts have
produced new findings and questions which were not part of the initial questions.
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Experiences with Mathematics
The students' overall experience of mathematics comes with four major
descriptors. These are: a) their cultural understanding, b) their personal views, c) personal
relevance, and d) the social relevance of mathematics.

Cultural Representation of Mathematics
In their descriptions of their experience with mathematics, the students have
reported the similarities between their African and the U.S. mathematics classrooms. This
reporting has found no differences in the mathematics taught in both cultural settings.
The textbooks, the numbers, the letters, the equations, the formulas, and the ways of
doing or finding a solution to a given problem, were all the same: “It is all about numbers
and equations” (Zeran). “Mathematics is not that different wherever you go” (Nile).
“Mathematics is the same everywhere” (Tropic). “Not much difference...I mean the X's
and Y’s are the same” (Nile). “Mathematics is universal” (Pacific).
There was another finding that came out of these shared understanding of
mathematics. The female students described mathematics as a man's knowledge in which
they were discouraged to be part of: “In Africa or here, you are told indirectly [as a
woman]...that you don’t need to be intelligent in math" (Nile). Atlantic proposed that
“teachers need to know the fact that I am a woman...there needs to be attention given to
women” (Atlantic). Amongst the male students, Tropic was the only one who was aware
of the gender gap when he reported how it was unusual “to see women mathematics
teachers” (Tropic).
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Personal Relevance
The other common theme in the students’ overall experience with mathematics
had to do with whether and how this experience had played any role in their personal
lives. In this regard, the students had unanimous responses. They described their
experiences with mathematics as meaningless and irrelevant, and some had wondered
why they had to take it in the first place: “Why am I doing all these mathematics?... hard
to comprehend the value of doing all this” (Atlantic) “I want to know why I do what I am
doing” (Sahara). For Sahara: “There is no story in Algebra” (Sahara), while Zeran
regretted the times he had wasted in learning mathematics. “I spent a year of my college
experience for nothing.”
In as much as the students saw their mathematics experience with no personal
relevance to them, all but one had reported that they would have avoided it totally, if it
was up to them. “I wouldn't take it, if I didn’t have to (Nile). “Mathematics is not my
favorite subject” (Sahara). “If there was a class, I would not have to go, it would be
math” (Zeran). The one exception was Dakar, who described that he enjoyed “working
with numbers,” as long as they didn't involve word problems. .

Social Relevance
An interesting scenario that came out of the subjects’ commentaries of their
mathematics experience was their understanding of the social values of mathematics
learning. This understanding stood in direct contrast with their view of the relevance and
value of mathematics to them personally. Despite finding themselves distant and
alienated from mathematics, they recognized its high social value. “There is nothing that
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mathematics is not used for" (Atlantic). “It is good to know mathematics because it is
everywhere" (Nile). They reported its particular benefits, such as how “exponential decay
explains when food starts going bad" (Atlantic) and how “probability helps to know
when it is most likely going to rain” and how “this could help farmers what and when to
grow" (Duala). Tropic gave an account of “How the West developed” as a result of
mathematics and proposed that “we Africans” had to do the same in order to be
developed.

Conclusion
The accounts and descriptions that I have presented in this chapter have looked at
the mathematics learning of 8 African migrant students through three major categoriestheir African classroom experiences, their U.S. classrooms experiences, and their overall
mathematics experiences. Within these categories, I have listed the multiple ways by
which these students understood their experiences. This understanding has shed an
important light on my research questions while it has also produced unexpected findings
leading to new questions:
1)

The students’ accounts provided striking differences in their experiences in their
African and U.S. classrooms. They showed the students' positive impressions of
their U.S. classroom and their teachers. However, these impressions were
tempered by the unwanted attention they got as outsiders in U.S. classroom. This
made them turn away from their teachers and rely instead on their African
network of friends for academic support. So, there was an important role that
culture played in the students’ experiences of the U.S. mathematics classroom.
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2)

The accounts also suggested that the more effective U.S. pedagogy did not change
their negative views of classroom mathematics. The students had entered the U.S.
classroom with a history of a difficult mathematics experience. They were not
voluntary or enthusiastic learners of mathematics, and remained that way in the
U.S. classroom. The mathematics was as meaningless and irrelevant in the U.S. as
it had been in Africa. This is an instance of cultural congruency between two
settings-westernized African mathematics classrooms and U.S. mathematics
classrooms- that otherwise had been described by the students as culturally
distinct.
So, one part of the students’ accounts responded to my research questions, namely

the students made clear distinctions between their African and U.S. classroom
experiences. The other part brought new findings that were not probed by my research
questions and in which the students encountered the same domain knowledge in both
classrooms.

74

CHAPTER 5
ANALYSIS

I began my dissertation with the following research questions:

1) What are the experiences of African migrant students in a U.S. mathematics
classroom? Do African migrant students feel at home with the culture of the U.S. math
classroom or do they feel culturally alienated from it?
2) How do their experiences in a U.S. mathematics classroom affect their learning
experiences? Does their sense of cultural congruence or cultural alienation affect their
sense of themselves as successful mathematical learners in U.S. mathematics classrooms?
These questions have generated thematic issues, which I discussed in Chapter 4
under the following headings:
a) The students' African mathematics classroom experiences
b) The students’ U.S. mathematics classroom experiences
c) The students’ overall experiences with modem mathematics
There are two findings that came out of my investigation of these issues. One
finding suggested the differences in the conditions of schooling and classroom pedagogy
between the African and the U.S. mathematics classrooms. The other disclosed the
similarities between the two settings in terms of the mathematics that was used. It showed
that the settings contained the same domain knowledge.
Hence, my analysis of the students’ responses includes my initial questions and
new questions that have come up during the course of my investigation.
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There are three major themes that came out ot the students accounts ot their
mathematics experiences. One is the conditions ot their schooling, which includes class
size and teachers’ attitudes. A second major theme is what I call classroom pedagogy,
such as chalk and talk, lecturing, and asking questions. These two themes suggested
significant differences between the African and U.S. classrooms, as noted in Chapter 4.
The conditions of schooling and the classroom pedagogy in U.S. classrooms were more
supportive and more conducive to learning. And yet, despite the considerably better
conditions of schooling and pedagogy in the U.S., all of the subjects reported not
understanding or liking mathematics, which leads to the suggestion that changes and
improvements in schooling and pedagogy are not sufficient to make mathematics
accessible. This provides the ground for my analysis of the domain knowledge of
mathematics.

Conditions of Schooling
By conditions of schooling, what I am describing are those aspects of the
classroom that are not part of the pedagogy even though they may constitute the culture
of learning that goes on in the classroom. I am talking about the students' impressions of
their classrooms. 1 am talking about their views of their teachers, about their feelings of
being pressured in learning and doing well in the exams, as well as the circumstances of
their appropriation of the colonial language.
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Conditions of Schooling in Africa
The students' descriptions of their African classroom—the crowdedness, the rigid
rules, and the unsympathetic teachers—have been major influences in the students’
overall view of their learning experiences. Under these conditions, the students had found
out that their knowledge was discounted, and that they were spectators of their own
learning. I have already noted in Chapter 2 that the pedagogy of lecturing and drilling is
understandable as the banking transmission of mathematics from mathematics knowers to
mathematics novices. But the second line of analysis has been the way in which public
schooling creates a compliant work force and an obedient beauraucracy. This second line
of analysis comes out of Freire’s notion of liberatory education as well as Gramsci’s
notion of hegemony. It is conveyed by a literature called critical theory and critical
pedagogy (Fischman, Mclaren, Sunker, & Lankshear, 2005; Kanpol, 1994; Wexler,
1991). In the third world, Fasheh (1997) has picked up this line of analysis to apply to
third world post-colonial mathematics classrooms. In Fasheh’s view, post-colonial
mathematics education in the third world represents all the elements noted by the
students—crowded classroom and authoritarian teaching practices—for a good reason.
He argues, what students experience in their classrooms is not that different from what
they encounter outside of their classrooms.
While the students have expressed their strong feelings towards the size of their
classroom, the rigidness of the rules, and the behavior of their teachers known, they have
not critiqued their schooling appropriation of the colonial language and Westernized
values. They have not raised any concern about this language becoming an impediment to
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their learning. This, no doubt, is an important finding that leads into questions about the
association of the colonizer’s language with the history of their countries and Africa.
The association of the colonial language with Africa's history goes back to the
colonial era, when new colonies and colonial boundaries were erected all over the
continent featuring the values and intentions of the European colonial powers. Since then,
the colonial language has played an important role in bringing different ethnic identities
and languages under one linguistic umbrella. This has been done primarily through the
educational system in which the African languages were systematically erased from the
classrooms as transmitters of knowledge. So, if the students have showed no reaction
towards their usage of the colonial language, it was, because it had been an assumed
underpinning of their entire schooling experience. The colonial language has been the
only language the students have known throughout their schooling as well as their
learning of modern mathematics. It has been the language of their textbooks, the
examples in their textbooks, lectures, assignments and tests. This is important, because it
establishes the connection between their mathematics learning and their positions as
second language learners, which according to Nasir and Cobb (2007), ruptures them from
their first language and “their every day discourse practices” (p. 201).
The appropriation of the colonial language by African schooling is what concerns
Wa. Thiongo (1987) who in one of his widely acclaimed works on the subject,
Decolonizing, the Mind, ties it with the systematic erosion of indigenous and pan-African
values and practices. In his view, the use of the colonial language has dual functions, one
of which is to channel Western values and standards, and the other, to shut the pipe line
of African values and standards. It creates and develops a social class that is Westernized,
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alienated from its first language and culture, and competing amongst itself as
Anglophone (English speaking) or Francophone (French speaking). Memmi (1965) also
gives a similar account of conflict that resides between the home language and the
colonial language which he notes, cannot be resolved.

Possession of two languages [the native and the colonial] is not merely a matter of
having two tools, but actually means participation in two physical and cultural
realms. Here, the two worlds symbolized and conveyed by the two tongues are in
conflict; they are those of the colonizer and the colonized. (Memmi. 1965, p. 107)
Memmi’s analysis of this post-colonial linguistic dualism sheds more light into
the students' account of their mathematics experiences outside of their classrooms. By
their own account, the students had to form study groups as preconditions for their
success in mathematics. And these study groups, were not part of their classroom
experiences. Instead, they were formed in their homes or in the communities where they
lived, and where their first language has been accessible to them. However, their
understanding of modern mathematics has been based entirely on their knowledge of the
colonial language, and it is the mastery of this language that has been required of them
and not their first language. The textbooks they had to use to complete their assignments
and the preparation they had to make to pass their exams have all been conveyed through
the usage of this language. In the process, what the students have come to recognize is the
conflict between modem mathematics and their first language and the erosion of their
first language as a result of this conflict.
Hence, it is impossible to talk about the students’ African classroom experiences
without the cultural implications of this conflict. Their experiences have to be seen in
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light of their positions as colonized and African speaking subjects learning mathematics
by rupturing themselves from their first languages.
The role language plays in one’s estrangement from his/her cultural values and
experiences is part of Rogoff s (2003; Rogoff & Lave, 1984) concern who talks about the
presence of culture in all aspects of knowledge production and distribution. In her view,
language is fundamental, since it is found in culture as an expression of human beings'
understandings of their surroundings. Moschckovich (2002) takes on this understanding
to emphasize the importance of the first language in the learning of mathematics.
So, what I mean by language, in this context is not only the symbolic and abstract
form of mathematics communication, although this also manifests a Western cultural
position (Nasir & Cobb, 2007; Nasir, Hand, & Taylor, 2008). Instead what I am talking
about is also the medium of learning modern mathematics that replaced non-European
and non-Western indigenous or home languages.
This cultural analysis of knowledge production stands in sharp contrast to the
traditions of modern mathematics that functions along the assumption that knowledge is
contextually independent and transferable from culture to culture and flushes out the
dilemmas that African students face with the colonial language.
Other cultural tools that are part of the traditions of modern mathematics are the
stories, examples, and artifacts that appear in the textbooks and with lectures. These may
involve the learning of a geometrical figure or an algebraic formula through the use of
objects and symbols that are native only to the West. They may involve a word problem
in English that refers to the Eiffel Tower and read by African students who have not been
to France and hardly speak English.
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So fan the students' experiences of African mathematics classrooms have
described the Westernization of schooling in Africa as part of the larger colonization
project. This is an important finding that leads into their experiences of the U.S.
mathematics classroom.

Conditions of Schooling in the U.S.
There is a noticeable difference in the students’ U.S. classroom experiences
compared to the ones they had in their African classrooms. This involves their view of
their teachers, the conditions of their classroom and the language of their learning. The
students saw their U.S. teachers as cordial, patient, and easy to talk to in and outside of
the classroom, and their U.S. classroom less crowded and more intimate. However, these
impressions did not weigh on the students’ overall view of their classroom. Though they
noted the attention they got from their teachers, they were hardly enthusiastic about it. In
fact, two of the students connected this attention to their sense of otherness. This is
relevant because it situates a parallel experience between their African and U.S.
classrooms. While in their African classroom the students found themselves lost in the
crowd; in their U.S. classroom, they saw themselves outside of the crowd. While their
African classroom made them anonymous and invisible, the U.S. classroom has made
them visible and vulnerable.
So, it is possible that the students’ sense of visibility and vulnerability has led
them to connect with their African classmates and friends. The students may have found
their African networks as their cultural sanctuaries, their “African thing,” a home away
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from home, reminders of what they had left behind and placeholders of their diasporic
identities.
It is obvious to notice the connection between the students’ cultural consciousness
and their networks of African friends. It is also understandable to frame this connection
in the context of their displacement from their home countries and Africa. Songholo
(1997) describes displacement as a permanent form of rupture between the displaced and
home in which both grow apart from each other. However, this rupture is neither clean
nor total. Particularly for the displaced, it becomes impossible to erase the memories of
home. So, he/she finds other ways to reconnect, such as forming or joining diasporic
networks that serve as cultural reminders.
Another issue of alienation is language, which understandably was a particular
concern for the non-English speaking students who were required to know English in
order to continue learning mathematics. For these students what was most disconcerting
was reading and understanding the word problems that contained more words than
numbers and equations.
These accounts explain the ways by which African students are compelled to
speak multiple colonial languages in order to be successful mathematics learners, and the
ways by which these languages advantage one group of African students over the others.
The English-French-Portuguese divide is yet another part of the colonial legacy that
speaks to the hegemonic grip of the colonial language over Africans’ intellectual pursuit.
Up to this point, I have examined the students’ comparative descriptions of their
African and U.S. classrooms, and found noticeable differences in them. The differences
have come through classroom size and teachers’ attitudes. I have also found similarities
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in them. Both classrooms used the colonial language as their medium and both were
alienating. The pedagogy is the other issue that the students’ accounts of the two settings
take on.

Pedagogy
In discussing pedagogy, what I am referring to is the transmission of mathematics
in the classroom, conveyed by teachers to students in a given setting at a given period of
time. It is the teaching of the domain knowledge by directing the “correct way” to
practice, in their turn are also expected to perform according to a certain set of rigid
mathematics.
Once again, since the students’ pedagogical accounts have come from their
African and U.S. classroom experiences, I am looking at each of them separately and
examine the similarities and differences between them.

Pedagogy and the African Mathematics Classroom
The students reported experiences of the pedagogy in the African classroom could
be summed up into what their African teachers did on a daily basis, which was coming in.
calling for order, filling the blackboards with equations, lecturing, giving assignments
and leaving. These experiences had somehow made the students connect the pedagogy
with their teachers’ behavior. The pedagogy has become as impersonal, alienating, and
authoritarian as their teachers.
In regards to the relationship between the African mathematics classroom and
pedagogy, Fasheh’s (1997) analytical account of the third world mathematics classroom
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becomes once more illuminating. His account places the third world mathematics
pedagogy on two dialectically linked cultural sources. One of the cultural sources is his
critique of Western post-colonial languages, values, and schooling. The second, which is
not necessarily Western and for which there are ample non-Western instances, is the
creation and perpetuation of authoritarian elites. In FashelTs analysis, these come
together in the authoritarian use of the banking method in African mathematics
classroom.
Third world mathematics pedagogy is Euro-centric since it keeps local languages,
local resources, local thinking and practices at bay. The examples, the instructions, and
the assignments are Western transplants, which are alien to native understandings, values,
and practices. And in as much as the pedagogy erases these indigenous resources, it also
filters out creativity and imagination from the learning process. In as much as it
transforms the classroom into a vassal of colonial values and experiences, it also shapes
the classroom into a container of authoritarian values and practices. So, the drills and rote
memories, the testing and evaluation, the notions of the “correct path and of getting the
“right answers” of passing and failing are all interwoven with the continuous and
persistent transmission of Western cultural values.
Fasheh (1997) goes deep into the function of this pedagogy particularly in terms
of its role to preserve the interest of the post-colonial state. The pedagogy expects
students to watch, listen and mimic everything what their teachers say and do, and their
teachers “to perform according to a certain set of rigid expectations” (p. 287). The
pedagogy has a leash on both teachers and students from making any choices that may
disrupt their respective assignments.
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Hence, there is a strong connection between this pedagogy and the authoritarian
political and social conditions of the post-colonial third world. The pedagogy reinforces
the legitimacy of authoritarian practices in which laws and rules are prescribed and
dissent, criminalized. It perpetuates the reproduction of anti-democratic values and
restricts “critical, original, and free thinking and expression, especially when that touches
upon important issues in the society” (Fasheh, 1997, p. 285).
Students who ask relevant questions about important events, see new alternatives
and seek new interpretations of what exists are usually considered to be very
“dangerous.” Teaching people to question, to doubt, to argue, to experiment, and
to be critical is a real threat to existing and established institutions, (p. 287)
In other words, the pedagogy is tasked to produce teachers and students who are
Westernized and also authoritarian, “conservative in their outlook, traditional in their
behavior, and timid in their thinking” (Fasheh, 1997, p. 287).

Pedagogy and the U.S. Mathematics Classroom
The students observed a significant pedagogical shift in the U.S. classroom from
the one they encountered in their African classroom. In the U.S. classroom, they were
less lectured and less pressured. They could talk, work in groups, and share their ideas
more freely. The contrast is significant in that it has become a marker between
traditional/authoritarian and non-traditional/non-authoritarian pedagogies. In this sense,
the students had recognized the democratic practices of their U.S. classroom.
The turn in the field of mathematics education research towards mathematics
pedagogies represents a major shift in thinking about the cultural and social nature of
teacher student relationship in the classroom. Although there are numerous ways that this
relationship is conceptualized and operationalized, I will use the cultural framework of
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power distribution rooted in the Freirian (1995) theory of critical pedagogy. This
perspective underscores the way by which all learning is culturally and socially situated,
and hence, is mediated by power, whether that power is hidden or revealed, accepted or
contested (Mcvarish, 2008, Freire & Shor, 1992). It establishes the role pedagogy plays
in taking account “not only of what students know, but how they know it, and how they
position themselves in relation to that knowing*' (Boaler, 2000, p. 12). So, teaching is a
cultural event that goes either way. It could produce and reproduce social inequities or
create equities in the classroom. It could side with students’ political freedom or exerts
domination over them.
Central to this analysis is the understanding of the value of democratic teaching
practices in the classroom (Freire & Shor, 1992), which involves the willingness and
readiness of teachers to enter in a vigorous and open dialogue with their students, and
share their authority in process. This allows the production and development of the
curriculum around the culture of students and reverses the dominant-dominated power
relations of the traditional classroom. If the goal of the traditional classroom is to use the
curriculum for the purpose of maintaining social order, the goal of the democratic
classroom is to use the same curriculum for questioning the legitimacy of that order.
What the students encountered in their U.S. mathematics classroom contains some
of the above ingredients of the democratic classroom. The students have w itnessed their
teachers’ willingness to listen to them, to value their ideas, and to attend to their
concerns. They have noticed the changes from the chalk and talk approach that they were
used to in their African classroom to hands on learning experiences with the utilization of
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group projects. They have seen their teachers sharing their power as part of their teaching
practices.
Despite this important pedagogical shift, the students were hardly impressed by it.
The shift in pedagogy had not reduced their anxiety and fear towards mathematics. It had
not erased the complexities and abstractions of the mathematics they were learning. They
were learning the same knowledge with the same languages and values attached to it. So,
for them, the issue had not been just between authoritarian and democratic pedagogies. It
had also involved the mathematics itself, which is conveyed by the pedagogy that is
consistently Western and elitist.
Paulo Freire (1970, 1993, 1995) whose seminal work includes advocacy for an
inquiry-based pedagogy to replace the banking method of traditional pedagogy warns
about the danger of overemphasizing pedagogical changes while overlooking the cultural
nature of the knowledge itself. For Freire, though pedagogy is important, its role is more
or less limited to conveying the knowledge that has already been produced. He argues,
attention to knowledge should be equally given in the process of transforming the
pedagogy.
If it was just a question of methods, then the problem would be only to change
some traditional methodologies by some modernized ones. But that is not the
problem. The question is a different relationship to knowledge and society. (Freire
& Shor, 1971, p. 35)
This means, in examining the students’ indifference towards the U.S. pedagogy, it
becomes important to look at the cultural production of modern mathematics, to examine
its roots, and inquire about its history. Who produces the knowledge? Who benefits from
this production, and who gets shortchanged by it? Whose values are recognized, and
whose get erased in the process?
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Domain Knowledge of Modern Mathematics
As I have noted earlier, the students have seen huge differences in their
experiences between their African and U.S. mathematics classrooms. Their U.S.
classroom had fared much better than their African classroom when it came to the
conditions of their schooling and the pedagogy. But these differences have not had the
desired effect of creating engaged mathematical learners. This question, which emerged
in the course of my study, has led me to an analysis of the domain knowledge of modern
mathematics.
As part of a broader effort to identify the domain knowledge from the pedagogy,
Nasir and Cobb (2007) and Nasir, Hand, and Taylor (2008) describe it as a language that
is “valued in the practices prescribed by mathematicians and math educators” (Nasir &
Cobb, 2007, p. 187). So, there is an international community of knowers and practitioners
of mathematics for whom this language is comprehensible and common. This community
crosses all cultural and regional boundaries and does not recognize other mathematical
activities that are situated within culture. And yet, critiques of modern mathematics warn
that this international feature of the mathematics community is deceptive. The critics
(Fasheh, 1997; Joseph, 1997; Martin, 1997; Stolp, 2005) make the point that though the
domain knowledge has become common to all mathematical knowers, this does not
suggest it has no cultural roots. It does not mean that the language is the product of cross
cultural mathematical interactions in which the mathematical capacities of all cultures are
found. According to Joseph (1997), despite the cross-cultural appropriation and usage of
the language by modern mathematics classrooms, the language represents the “cultural
and political domination” of Europe's “scientific norms” (p. 79). That the language has
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become global does not mean that it has abandoned its cultural and racial roots. The
symbols, equations, theorems, and formulas are connected to the traditions of Western
values and philosophies (Martin, 1997).
This explains why the students’ resentment towards modern mathematics has not
changed despite the changes in their schooling conditions and the pedagogy, and begs for
an inquiry about the mathematics itself and not just about the pedagogy which conveys it.
The modem schooled mathematics as I noted in Chapter 2, has become
disconnected from everyday mathematics internationally. Schooled mathematics is no
more connected to everyday mathematics in the U.S. than it is in Africa, and is conveyed
in an international abstract language that is not familiar on every day basis. The students
have reported that mathematics “is all about numbers and equations” (Zeran), that they
have not seen it changed one way or the other, and that they have found it “hard to
comprehend” (Atlantic). For these young people, mathematics was experienced as a
foreign language apart from their studying it in another language.
Critiques of modern mathematics (Nasir & Cobb, 2007; Nasir et al., 2008; Stolp,
2005) take on this feature of the domain knowledge as one of the major reasons for the
alienation and failure of the vast majority of students in modern mathematics. They argue
that though the knowledge is universal, it is no less culturally influenced than the
pedagogy that conveys, and in as much as the pedagogy needs to be examined,
questioned, and critiqued so should the domain knowledge.
The examination of the domain knowledge in cultural contexts becomes even
more relevant to the understanding of the female students' overall experiences with
modem mathematics. These students have reported how they were discouraged from
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learning mathematics: “You are told [as a woman] that you don't need to be intelligent in
math” (Nile). They have grown up hearing the messages that women and mathematics
don't mix (Sahara). They have observed the low enrollment of women in mathematics
and mathematics related subjects and witnessed their own invisibility in the classroom
(Atlantic). All these accounts lead into what Martin (1997) suggests as the genderized
history of modem mathematics:
Most mathematicians are men, and mathematics is like the rest of natural science
is seen as masculine: a subject for those who are rational, emotionally detached,
instrumental and competitive... Male domination of mathematics is linked with
male domination of the dominant social institutions with which professional
mathematical work is tied, most notably the state and the economic system, (p.
165)
While Martin’s point speaks to the disassociation of women in general from
modern mathematics, it does not fully account to the experiences of the female students.
For these students, the disassociation has been on two fronts. They have been
disassociated from mathematics as women and as black women. Joseph (1997) identifies
this double edged sword pointed at the students when he describes modem mathematics
as “the exclusive product of white men and European civilization” (p. 78).
Another issue in the students’ accounts had to do with the social value accorded to
the learning of modern mathematics. The students have made the connection between
their success in mathematics and their upward mobility. They have tied the knowing of
mathematics to personal and social progress: “There is nothing that mathematics is not
used for” (Atlantic); “It is how the West developed” (Tropic); “It is good to know
mathematics, because it is everywhere” (Nile). In other words, they have accepted the
key role mathematics plays in the creation and reproduction of elites in a global
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professional work place. But, despite this motivation to succeed, they have not been able
to become engaged mathematics learners.

Summary
The analysis that I presented in this chapter has looked into the three major
categories of the traditions of modern mathematics. Two of the categories contained the
findings that illuminated my research questions, while the third category came with new
discoveries that led into new questions.

Conditions of Schooling and Pedagogy
The students’ accounts of their teachers, the pedagogy, and class size have
revealed major differences between their African and U.S. mathematics classrooms.
These differences have further been exacerbated by the experiences of the non-English
speaking students in the U.S. classroom.
There have also been similar experiences that have been accounted. For instance,
the students have made it known that they have been alienated from both classrooms. In
their African classroom they had been invisible, whereas in their U.S. classroom, they
had been vulnerable.

Domain Knowledge
The students have reported their exposure to the Western ways of thinking and
doing mathematics in Africa and their estrangement from the language of the
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mathematics. These two accounts have provided the ground for my analysis of the
domain knowledge.
My analysis flushes out the distinctions between Western and non-Westem
mathematics and between schooled and everyday mathematics. It provides a critique of a
post-colonial global phenomenon where the Western tradition has completely denied its
non-Westem roots, so that schooling has superceded any indigenous schooling that is not
in the Western tradition. It makes the argument of how the Western schooling has erased
everyday math both in the West and the non-West, and how a tradition of pedagogy
which is rooted in this tradition of the West and formal school mathematics has
overwhelmed any other pedagogies in both places. There is also a powerful implication
of class, since schooling has always been, everywhere, globally, a mode of upward
mobility, and has always been gendered.
Hence, my critique and recommendation rely on how to restore an understanding
that the domain knowledge is not just Western, but rather indebted to the non-West
traditions, which is, how formal schooling puts into account the discussion of the domain
knowledge in terms of its roots in the non-West. I am also proposing for linking modern
mathematics with everyday mathematics both in the West and the non-West. While I
recognize the pedagogical transformation that has already begun happening is necessary,
I am also arguing that it is not sufficient. So, I am taking all the distinctions that I make to
summarize them in my recommendation of schooling (formal and everyday), domain
knowledge and pedagogy.
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CHAPTER 6
RECOMMENDATIONS

My analysis of the reported accounts of the African migrant students has led me
to an important conclusion and a number of proposals for practice and for research. The
conclusion has to do with the next step in the transformation of mathematics learning and
involves the deconstruction and reconstruction of the domain knowledge.
The first point is to recognize that mathematics like any other foreign language is
culturally situated. The notations and procedures are found in human speech. This needs
to be revealed to the students so that it becomes part of their mathematics understanding.
The second point is the re-introduction of everyday mathematics into the
problems that mathematical notations and procedures can be used to solve.
This leads me to the following proposals for research and practice.

Proposals for Research
There needs to be more work on investigating and synthesizing the various
historical and international sources of modem mathematical thinking as well as
alternative mathematical thinking.
There also needs to be empirical research on programs that focus on the construct
of the domain knowledge as well as pedagogical procedures, such as the Algebra project
and the MiC.
The third point suggests the studying of the experiences of migrant students who
are engaged, successful, mathematics knowers, such as the so called model minorities—
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Chinese, Japanese, Indian—and to call what is it in their prior or current schooling that
enables them to become engaged mathematical knowers.

Recommendations for Further Practice
I introduce two pedagogical tools as part of my recommendations. One is the
pedagogy of access, which places modern mathematics inside history and culture. The
second is the pedagogy of dissent, which allows the entry of critical inquiry in the
discussion of the domain knowledge. One reveals the indebtedness of modern/Westem
mathematics to non-Westem mathematics, while the other discloses the cultural and
social dimensions of the notations and procedures. There are instances in which these
pedagogies appear independent of one another. It is possible to make the connection
between modern and non-modern mathematics without the presence of critical inquiry in
as much as it is also possible to critique the domain knowledge without including non¬
modem mathematics. However, I recommend the merger of these pedagogies in order to
have an in depth approach about the nature, values and implications of modern
mathematics.
The merger of these pedagogies helps students recognize the entry point of
modem mathematics in history, how it was formed, under what circumstances and by
whom, what it inherited from non-modern mathematics, and how it evolved to become
modem/Western. So, history is not only narrated but also serves as the context for
investigating the cultural and social environment that helped produce and shape modern
mathematics. A critical examination of this environment opens the door to the
demystification of the domain knowledge as natural, fixed, and permanent. The domain
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knowledge becomes part of human speech and an object of cognition to be examined and
intervened.
So, the merger conveys mathematics from three sources that are interconnected.
They are a) multi-cultural knowledge, b) critical knowledge, and c) community
knowledge.

Multi-cultural Knowledge
This knowledge gives the historical perspective of modern mathematics. It looks
at the cross-cultural and cross-racial heritages of modern mathematics and uncovers the
false dichotomies between it and non-Western mathematics. It corrects the Euro-centric
myth of modem mathematics as the superior system of knowing by disclosing its
indebtedness to non-Western mathematics. It explains the erasure of non-Western
mathematics from the classroom by tying it to historical events, such as Europe's
enlightenment period and the colonial/racial projects that came out of it.

Critical Knowledge
While multi-cultural knowledge presents the multi-cultural roots of
modem/Westem mathematics, critical knowledge flushes out the contradictions that
emerge between this connection and the Western traditions of modern mathematics. So it
cultivates awareness about these traditions in the construction and presentation of the
domain knowledge. It opens up the discussion on the ways by which elitism; cultural
hegemony, racism, and sexism influence and shape the usage of mathematical notations
and procedures. This helps students to raise questions about whose interest is served and
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whose is ignored or silenced in what they do, and to be aware of the social and cultural
implications of their learning. It helps them connect mathematics with social and cultural
interests.

Community Knowledge
Community knowledge adds to the expansions of mathematical thinking by
letting the door open for everyday mathematics to enter into the classroom. This is
significant given the strong relationship between students and their communities. The
presence of the knowledge in the classroom suggests to the students that they have
valuable information to contribute and encourages them to think that they are
stakeholders of their learning. They will feel less remote from the domain knowledge—
the notations and procedures—when they realize they can use it to articulate their
experiences. This in turn leads them to demythologize the elitist traditions of modern
mathematics and recognize their own mathematical capacities.
Hence, this tri-partite model of mathematics knowledge espouses the following
principles:
a)

It lets students challenge the notion of universality compulsively assumed by
the traditions of modem mathematics and considers non-Westem mathematics
as equal subject of historical mathematical experiences.

b)

It helps them recognize that all systems of mathematics knowing—Western and
non-Western, informal and formal—have their own distinctive historical
motion and contribution to mathematics.
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c)

It helps them see cultures as the primary agents of mathematics knowing,
whether it is formal or informal, elite or non elite.
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APPENDIX A
INTRODUCING MYSELF TO MY SUBJECTS
My name is Solomon Abraham, and I am a doctoral student in Social Justice
Education program at UMASS. I also teach mathematics and have had the experience of
teaching African born students in the United States. I am conducting this study in order to
have an understanding about the ways by which you experience modem day mathematics
in U.S. classrooms. In order to learn more about your experience of mathematics in U.S.
classrooms, I would like to ask you some questions about your understanding of
mathematics and your ability in doing mathematics. I would like to ask you how the
mathematics that you have learned was taught in your country of origin. I would like to
ask you whether your mathematics teachers in your home country use techniques and
methods that were different from your U.S. teachers. I would like to ask you about your
comfort level while you were doing mathematics at your country of origin. I would like
to ask you about your comfort level in the U.S. classroom. I would like to ask you
whether you felt comfortable or alienated in either or both of your experiences.
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APPENDIX B

WRITTEN CONSENT
Dear participant.

Thank you for your willingness to participate in this study. I am doing this study
for the specific purpose of learning about your experience of learning mathematics in
your country of origin and U.S. mathematics classes.

For this study, you will be asked to fill a demographic sheet and participate in a
ninety minute personal interview with me. The interview will be audio-taped and
complete transcripts will be made. I will maintain the confidentiality of your responses by
using pseudonyms rather than your names and by avoiding any personal identifying
information.

I will use the materials from your interview primarily for my dissertation, but I
may also use it in presentations for classes, professional conferences, and written
publications. In all written materials and oral presentations I will continue to use
pseudonyms instead of real names.

Your participation in this study is purely voluntary. This means, if you feel
uncomfortable with any part of this process and wish to discontinue, you are free to do
so. However, please know that I would very much appreciate your agreement to
participate in this study and I can assure you that your story and your responses will help
me to understand the experiences of migrant African students in U.S. mathematics
classrooms.
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In signing this form you are assuring me that you will make no financial claims
on me for the use of the material in your interview. Although there is no risk of physical,
emotional, or mental injury from participating in this interview, the University guidelines
specify that no medical treatment required by you from the University of Massachusetts
should any physical injury result from participating in this project.

I,........, have
read this statement carefully and thoroughly and agree to participate as an interviewee
under all the conditions stated above.

Signature of participant

Date

Signature of Interviewer
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APPENDIX C
DEMOGRAPHIC QUESTIONNAIRE
Demographic questionnaire

Name

Age

Gender

Country of

Age you came

birth

to the U.S

Years in the

Number of

Do you plan to

Your level of

Your level of

U.S

times you

return to your

mathematics at

mathematics in

visited your

country of birth

home

the U.S

country of birth

in the future?

since you came
to the U.S

While you were in your home country, did you live in cities or outside of the cities?
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What types of schools did you attend at your home country? (Please note as many as are
appropriate; private, public, parochial, all boys, all girls)

What were/are your parents' educational and professional status in your country of
origin?

How would you place yourself socio-economically at your home country?

What language did you use to learn mathematics in your school? Was it your native
language?

What was your level of mathematics education before you arrived to the U.S?

What is your current level of mathematics education?

What are the similarities and differences that you see between your home country and the
U.S., in terms of your experiences with mathematics?
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V

APPENDIX D
INTERVIEW PROTOCOL
I. Experiences at your country of birth

1. What can you tell me about your classroom experiences in the high school that you
attended at your country of birth?

2. What subjects were required in your school? Was mathematics amongst them?

3. How many years of high school mathematics have you done?

4. What language did you use in your mathematics classrooms? Were there books that
you used? Where did the books come from? Were they produced locally, or were they
imported? In what language were the books written?

5. Who were your mathematics teachers? Were they native bom, non-native Africans, or
non-Africans? Were they men, women, or both?

6. Who were your classmates? Were they all native bom? Were there non-native Africans
or non-Africans amongst them?

7. What techniques did your teachers use to help you learn mathematics?

8. What approaches or strategies did you use to help yourself understand mathematics?
Did you study alone or in groups? Did you memorize the formulas or did you use other
techniques (please specify)? Did you seek help, and if so, who did you seek help trom?
Your teachers? Your peers? Your parents, or others?

8) How did you do in your exams? Did your strategies work?
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II. Your experience in the U.S.

1. When did you arrive to the U.S?

2. When did you start your schooling at the U.S? When did you start taking mathematics
courses?

3. Are you currently taking a mathematics course?

4. Who were/are your teachers? Were/are they U.S. born, or are they migrants?

5. What techniques did/do your teacher/s use to help you understand mathematics?

6. Who were/are your classmates? Were/are they all native bom? Were/are there any
migrants in your classes? If so, were/are these from your country of birth or from other
African countries?

7. What strategies and approaches did you use or are you using to learn mathematics?
Did/do you study alone or with groups? Did/do you memorize the formulas or did/do you
use other techniques (please specify) to remember them? Did/do you seek help, if so, who
did/do you seek help from? teacher/s, classmates, parents?

8. How did/do you do in your exams? Did/do your strategies work?

Ill Comparisons

1. What similarities do you see between your U.S. mathematics classrooms and the
classrooms at your country' of birth? What similarities do you see between your U.S.
teachers and the teachers from your country of birth? What stands out the most in these
similarities?
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2. What differences do you see between your U.S. mathematics classrooms and the
classrooms at your country of birth? What differences do you see between your U.S.
teachers and the teachers from your country of birth? What stands out the most in these
differences?

IV General experiences and attitudes

1. What can you tell me about your experience of school mathematics? Was/is it
compulsory for you to take mathematics? Did/do you always find it difficult or easy to
comprehend? Was there a change in this experience, and if so, what caused the change?

2. What is your view of school mathematics? Did/do you enjoy doing it or did/do you
resent it? Was there a change in this attitude, and if so, when and how?

3. If there are changes that you would like to see in your learning of mathematics, what
would they be?
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